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STREAM  POLLUTION  BY  ACID-IRON  WASTES. 


By  Herman  Stabler. 


INTRODUCTION. 

Stream  pollution  by  ironworks  effluents  has  always  been  an  impor- 
tant question  in  countries  where  the  iron  industries  are  prominent. 
The  polluting  liquors,  commonly  known  as  *' acid-iron"  liquors,  are 
derived  from  the  *' pickling  process"  common  to  galvanizing,  tin 
plating,  tube  and  sheet  iron  treatment,  and,  in  fact,  all  work  in  which 
a  clean  iron  surface  for  coating  or  other  purpose  is  required.  The 
clean  surface  is  obtained  by  immersing  the  material  in  a  fairly  strong 
solution  of  hydrochloric  or  sulphuric  acid,  which  readily  removes  the 
surface  impurities  and  at  the  same  time  attacks  the  material  itself, 
dissolving  it  or  uniting  with  it  to  form  new  compounds.  As  a  result 
of  the  process  the  material  treated  comes  from  the  bath  with  a  surface 
as  clean  and  bright  as  if  newly  polished.  By  continued  use  the  acid 
solutiod  becomes  gradually  weaker,  iron  chlorides  or  sulphates  being 
formed,  and  the  whole  bath  becomes  more  or  less  impregnated  with 
impurities,  chief  among  which  are  practically  insoluble  iron  oxides. 
Finally  the  solution  becomes  too  weak  for  further  profitable  use  and 
is  discarded  as  waste,  technically  known  as  '*  waste  pickle."  This 
waste  pickle,  it  is  said,  has  been  bottled  and  sold  as  tonics  for  human 
consumption,  though  not  with  great  success.  Used  in  small  quan- 
tities, however,  it  is  beneficial  to  both  animal  and  vegetable  life.  It 
is  not  a  desirable  addition  to  streams  (1)  because  it  produces  a  reddish 
discoloration  and  turbidity,  making  the  stream  waters,  bed,  and 
banks  unsightly;  (2)  because,  by  reason  of  its  avidity  for  oxygen,  it 
robs  the  waters  of  their  natural  supply  of  this  essential  gas  and 
thereby,  when  it  is  present  in  comparatively  large  quantities,  causes 
the  death  of  fish,  and  (3)  because  it  gives  rise  to  a  large  quantity  of 
iron  in  the  stream,  and  thereby  impairs  the  usefulness  of  the  water 
for  domestic  and  laundry  purposes  and  for  certain  manufacturing 
processes. 

In  many  cities  waste  pickle  is  discharged  into  the  sewers.  Where 
the  quantity  of  pickle  is  relatively  very  small  this  method  of  disposal 
is  not  objectionable.  Too  frequently,  however,  there  is  enough  free 
acid  in  the  waste  liquors  to  corrode  the  sewer  joints  and  metal  fittings, 
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and,  in  case  there  are  sewage  purification  plants,  to  interfere  seriously 
with  the  working  of  the  purification  processes. 

At  Shelby,  Ohio,  acid-iron  wastes  have  been  discharged  into  a 
watercourse  and  also  into  the  sewers  of  the  town,  causing  conditions 
which  have  led  to  lawsuits  and  complaints  directed  to  the  Ohio  State 
Board  of  Health.  It  was  determined,  therefore,  to  investigate  at  this 
city  the  factory  processes  which  are  accountable  for  the  alleged 
nuisance  and  the  conditions  at  the  sewage-disposal  farm  and  along 
the  stream.  The  investigations  were  performed  under  a  cooperative 
agreement  between  the  United  States  Geological  Survey  and  the  State 
Board  of  Health  of  Ohio,  each  bureau  participating  equally  in  the 
expenses  involved.  All  expenses  for  analytical  work  and  for  trans- 
portation of  samples,  together  with  the  traveling  expenses  and  subsist- 
ence of  the  investigators,  were  borne  by  the  Ohio  State  Board  of 
Health,  so  that  joint  credit  should  be  given  to  the  two  bureaus 
participating  in  the  work. 

The  pollution  at  Shelby  having  extended  over  a  term  of  years  under 
varying  conditions,  it  was  thought  advisable  to  make  the  investiga- 
tion cover  (1 )  the  history  of  the  pollution  and  the  attendant  litigation ; 

(2)  the  effect  of  acid-iron  liquors  upon  sewage  purification  processes; 

(3)  the  conditions  along  the  stream,  and  (4)  the  disposal  of  acid-iron 
wastes  without  discharge  into  watercourse  or  sewerage  system. 

It  is  desired  to  make  acknowledgment  of  assistance  received  in  the 
investigation  from  Mr.  William  F.  Sonnanstine,  superintendent  of  the 
Shelby  sewerage  system ;  Messrs.  Mansfield  and  Long,  attorneys,  and 
Mr.  A.  C.  Morse,  superintendent  of  the  Shelby  Steel  Tube  Company. 
Mr.  M.  O.  Leighton,  chief  of  division  of  hydro-economics,  IT.  S.  Geo- 
logical Survey,  personally  supervised  and  directed  the  course  of  the 
investigation.  In  addition  to  sharing  the  expense  of  the  investigation 
the  Ohio  State  Board  of  Health  accorded  active  cooperation  by  afford- 
ing the  use  of  its  laboratory  to  the  writer  and  by  making  sanitary 
determinations  of  the  eight  samples  of  sewages  listed  in  the  table  on 
page  18,  which  were  made  in  the  laboratory  of  the  Ohio  State  Board 
of  Health  under  the  direction  of  Mr.  E.  G.  Horton,  bacteriologist 
and  chemist. 

HISTORY  OF  POLLUTION  BY  ACID-IRON  WASTES  AT 
SHELBY,  OHIO,  AND  RESULTING  LITIGATION. 

The  Shelby  Steel  Tube  Company  maintains  a  large  plant  on  the 
bank  of  a  brook  within  the  city  of  Shelby.  The  tube  mills  were  first 
operated  in  1890,  since  which  time  the  present  company  and  its  prede- 
cessors have,  to  a  greater  or  less  extent,  discharged  their  liquid  wastes 
into  the  adjacent  brook,  which,  for  convenience,  we  shall  designate 
Red  Brook,  no  generally  recognized  local  name  being  applied  to  it. 
The  flow  of  Red  Brook  varies  perceptibly  with  the  flow  of  waste  water 
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from  the  tube  works,  but  is  generally  about  one-fifth  or  one-sixth 
as  great  as  that  of  Black  Fork, "  into  which  it  discharges  in  the  upper 
part  of  Shelby.  Black  Fork  traverses  the  city  from  south  to  north, 
passing  on  through  an  agricultural  district,  and  finally  reaching 
Muskingum  River. 

Until  sometime  in  1902  the  entire  waste  of  the  tube  works  was 
discharged  into  a  settling  basin,  from  which  it  overflowed  to  Red 
Brook,  giving  to  it  and  to  Black  Fork  a  red  discoloration  for  miles 
below.  No  very  vigorous  protest  against  this  pollution  seems  to 
have  been  made  until  October  20,  1902,  when  petition  was  filed  and 
suit  for  $2,500  damages  was  begun  in  the  court  of  common  pleas  of 
Richland  County,  Ohio,  against  the  Shelby  Steel  Tube  Company  by 
Isaac  Noecker,  a  farmer  having  50  acres  of  bottom  land  subject  to 
overflow  from  Black  Fork  about  4  miles  below  the  tube  works.  Pre- 
vious to  this  time  it  was  apparently  the  view  of  all  parties  concerned 
that  the  tube  works,  employing  a  large  number  of  men,  was  an  indus- 
try to  be  fostered;  that  the  stream  was  the  only  available  means  for 
the  disposal  of  its  waste,  and  that  any  inconvenience  resulting  from 
stream  pollution  by  the  works  should  be  borne  on  account  of  its 
general  benefit  to  the  community.  This  is  probably  the  view  now 
taken  by  the  city  in  allowing  the  effluent  from  the  tube  works  to 
enter  its  sewerage  system,  permission  for  such  use  of  the  sewers  being 
taken  advantage  of  by  the  company  in  1902 — a  direct  result,  no 
doubt,  of  the  growing  legal  complications  attending  the  discharge  of 
the  waste  liquors  into  the  stream.  At  the  time  sewer  connection  for 
the  tube  works  was  made  the  overflow  from  the  settling  reservoir  was 
conducted  to  a  filtering  bed  of  crushed  limestone,  from  which  tile 
underdrains  carried  it  to  the  sewer.  This  arrangement  supposedly 
stopped  all  pollution  of  Red  Brook,  but  actually  served  merely  to 
divert  a  moiety  of  the  polluting  liquors,  for  infiltration,  leakage,  and 
probably  overflow  from  clogged  filters  still  carried  to  this  stream  a 
considerable  flow  of  acid-iron  waste.  However,  it  transferred  the 
principal  point  of  pollution  to  the  sewer  farm  outlet,  3  miles  below 
Shelby,  and  bettered  conditions  all  along  the  stream  very  materially. 

In  the  petition  above  mentioned,  it  was  claimed  that — 

Defendant  [the  Shelby  Steel  Tube  Company]  in  operating  its  said  factory  jwurs  into  said 
stream  great  quantities  of  (>oisonou8  matt<;r  and  ofTals  from  said  factory,  which  poison  the 
water  in  said  stream  and  render  it  destructive  of  animal  and  vegetable  life.  And  said  poi- 
sonous deposits  in  said  stream,  when  the  water  is  high,  overflow  plaintiff's  said  low  lands, 
thereby  poisoning  the  vegetation  and  pasture  thereon,  rendering  it  unfit  for  animal  food 
and  dangerous  to  animal  life.  - 

Said  poisonous  matters  poured  into  said  stream  render  the  water  unfit  for  domestic  use 
and  sicken  and  poison  plaintiff's  animals  that  pasture  on  said  ground  when  they  drink 
thereof. 


•  Black  Fork  is  a  small  stream  having  at  this  lAmv  (Shelliy )  a  wat*}rshod  of  about  40  square  miles,  and 
a  dry-weather  flow  of  perhaps  1  to  3  cubic  feet  ix?ir  second.  Eighteenth  Aiui.  Kept.  Ohio  State  Board 
of  Health,  1903. 
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In  the  answer  of  the  defendant  to  the  petition,  if  was  claimed — 

that  if  said  stream  is  polluted  to  such  an  extent  as  to  be  a  nuisance  and  of  injury  to  t 
plaintiff,  that  the  same  is  caused  by  causes  other  than  those  alleged  in  the  petition. 

The  case  came  to  trial  in  June,  1903.  Nearly  all  witnesses  for  t 
plaintiff  were  farmers  owning  land  along  the  Black  Fork  below  Shelb 
With  few  exceptions  these  men  had  instituted  or  were  intending 
institute  similar  suits  against  the  company,  concerted  action  havii 
been  determined  upon.  Each,  as  he  testified,  realized  that  the  su 
cessful  outcome  of  his  own  suit  would  be  largely  dependent  upon  i. 
winning  of  this  first  suit  of  the  series. 

The  testimony  of  witnesses  for  the  plaintiff,  in  brief,  was  about 
follows: 

1.  Previous  to  the  operation  of  the  tube  works  the  Black  Fork  w 
satisfactory  as  a  water  supply  for  stock;  gave  no  appearance  of  pc 
lution;  was  the  home  of  numerous  healthy  fish,  and  was  used  as  i 
and  boiler  supply  and  for  domestic  purposes. 

2.  After  the  installation  of  the  tube  works  the  stock  would  n« 
readily  drink  the  water;  cows  watered  from  the  creek  suffered  d 
crease  in  milk;  cattle  pastured  adjacent  to  the  creek  got  sick  ar 
some  died,  removal  to  a  field  from  the  creek  effecting  the  recovery 
stock.  The  creek  water  was  sometimes  very  red  and  sometimes  blu 
turbid,  and  had  a  black  ashy  sediment;  overflow  of  the  stream  stuntc 
crops,  turned  them  red,  and  destroyed  grass;  stock  refused  to  ej 
pasture  which  had  been  overflowed ;  dead  fish  were  found  along  tl 
stream,  and  few,  if  any,  live  fish  could  be  caught,  and  the  value  of  tl 
stream  as  a  source  of  ice  and  boiler  supply  was  destroyed. 

3.  Injury  to  stock  was  believed  to  be  due  to  use  of  creek  water  < 
pasture  that  had  been  overflowed  by  the  creek.  In  some  cases,  ho> 
ever,  death  of  stock  was  certainly  due  to  other  causes,  as  shown  I 
autopsy. 

4.  Said  damage  occurs  all  along  the  stream  from  3  to  12  miles  bek 
tube  works. 

Witnesses  for  the  defense  testified  that : 

1.  No  difference  in  pasturage  was  noticeable  in  last  twenty-fi 
years;  that  they  had  caught  fish  or  seen  others  fishing  all  along  t 
polluted  stream,  and  that  no  damage  to  stock  or  pasture  resulted 
land  immediately  below  entrance  of  tube  works  effluent. 

2.  Damage  on  stream  might  have  resulted  from  bursting  of  an  • 
tank. 

3.  Chemical  analyses  in  January,  1903,  of  samples  taken  from  R 
Brook  below  the  tube  works  and  from  Black  Fork  above,  3  mil 
below  and  4  miles  below  the  entrance  of  Red  Brook,  showed  a  lit^ 
free  acid  in  Red  Brook,  but  none  in  Black  Fork.  The  stream  4  miJ 
below  showed  the  presence  of  the  following  amounts  of  solid  matt^ 
in  parts  per  million:  Silica,   11.97;  iron  and  alumina,  8.55;  lin^ 
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127.99;  sulphuric  anhydride,  102.60.  The  expert  witness  who  made 
these  analyses,  Prof.  Albert  W.  Smith,  of  the  Case  School  of  Applied 
Science,  Cleveland,  Ohio,  testified,  in  part,  as  follows: 

In  the  process  of  pickling,  an  acid  is  used  for  the  purpose  of  cleaning  the  surface  of  iron. 
The  iron  surface  is  covered  with  what  is  called  rust,  and  the  acid  dissolves  rust;  it  combines 
with  it  chemicaUy,  and  both  acid  and  the  rust,  as  such,  are  destroyed — they  become  a  new 
substance.  When  two  things  combine  chemically  a  new  thing  is  formed;  that  is  what  is 
meant  by  chemical  action.  When  acid  and  iron  rust  come  together,  both  the  acid  and  rust, 
as  such,  are  destroyed,  and  they  form  a  new  substance,  green  vitriol  or  iron  sulphate.  That 
cleans  the  surface  of  the  iron,  and  the  iron  sulphate  forms  a  clear  solution  with  the  water  that 
the  acid  is  dissolved  in,  but  the  acid  and  the  iron  have  been  destroyed  as  such. 

When  this  liquid  flows  into  this  little  stream  [Red  Brook]  it  makes  it  acid,  and  the  little 
stream  contains  this  sulphate  of  iron.  It  is  a  clear  liquor  solution,  just  like  sugar  in  tea. 
The  large  brook  [Black  Fork]  contains  lime  in  solution,  a  clear,  transparent  liquid,  but  the  |||| 
lime  is  there,  just  the  same,  in  solution.  When  the  lime  and  the  iron  sulphate  come  together  ^ 
they  combine  chemically  and  fonn  a  new  substance.  They  form  sulphate  of  lime,  or  land 
plaster,  which  is  soluble  in  water,  and  the  same  iron  rust  that  was  present  in  the  iron;  that  is, 
the  iron  has  gone  back  to  the  same  condition  it  was  in  when  it  was  rust  on  the  iron,  and 
as  such  is  not  soluble  in  water.     It  will  not  dissolve  any  more,  so  it  spreads  out,  a  yellowish  « 

and  brownish  rust.    The  iron  rust  settles  to  the  bottom  of  the  creek,  and  hence  is  separated        * 
from  the  water.    There  would  be  no  iron  in  the  water,  as  it  settles  to  the  bottom  and  stays 
there,  just  as  so  much  clay  or  mud  would.     It  settles  in  the  water  below,  and  there  is  neither 
ftcid  nor  iron. 

The  iron,  after  it  separates  and  is  precipitated  to  the  bottom,  i»  of  a  yellow  or  reddish- 
yeQow  color,  just  like  yeUow  clay,  and  is  very  much  the  same  in  its  chemical  properties. 

I  think  it  would  have  the  same  effect  upon  plants  or  animals  as  so  much  clay  would. 
This  is  inert  matter,  just  like  clay  or  mud. 

The  charge  of  the  court  (Robert  M.  Campbell,  trial  judge)  is  of  par- 
ticular interest,  voicing  as  it  does  the  rights  of  riparian  owners  and 
the  views  of  such  rights  that  obtain  in  Ohio.  The  prominent  points 
in  the  charge  are  as  follows : 

1.  All  riparian  owners  have  a  right  to  the  use  of  stream  waters  in  a 
normal  state. 

2.  Their  right  to  the  use  of  the  water  is  limited  to  such  use  as  shall 
not  substantially  decrease  the  value  of  the  stream  to  riparian  owners 
below  them. 

3.  Their  right  to  the  water  in  a  normal  state  is  subordinate  to  a 
nsual  and  ordinary  use  of  the  water  by  riparian  owners  above  them. 

4.  Every  party  contributing  to  stream  pollution  is  responsible  for 
damage  done  thereby. 

5.  Riparian  owners  injured  by  stream  pollution  have  a  riglit  to 
compensation  for  such  injury  in  direct  proportion  to  the  loss  sustained. 

6.  The  injury  sustained  may  be  in  the  nature  of  a  deprivation  of 
the  use  of  the  water  for  any  reasonable  purpose  or  of  damage  done  to 
property,  but  must  be  substantial  and  not  mere  inconvenience  or  occa- 
sional annoyances  in  order  to  warrant  an  award  for  damages. 

Verdict  for  the  plaintiff  was  returned,  damages  being  fixed  at  $317. 
This  is  at  the  rate  of  $6.34  for  each  acre  of  plaintiff's  bottom  land  for 
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the  four  years  to  which  the  statute  of  limitations  confined  the  con- 
sideration of  pollution. 

The  case  was  appealed  to  the  circuit  court  of  Richland  County  and 
then  to  the  supreme  court  of  Ohio,  the  judgment'  of  the  lower  court 
being  affirmed  in  each  case. 

A  careful  review  of  the  testimony  given  at  the  trial  convinces  one 
that  the  acid-iron  pollution  rendered  the  stream  less  suitable  for 
domestic  purposes  as  a  boiler  water,  as  an  ice  supply,  and  as  a  water 
supply  for  animals.  The  riparian  rights  of  landowners  below  Shelby 
had  been  interfered  with,  and,  in  the  judgment  of  the  jury,  interfered 
with  in  a  substantial  degree. 

Injury  to  vegetation  or  stock  was,  to  say  the  least,  problematic. 
The  only  evidence  offered  indicating  such  injury  was  circumstantial 
and  merely  indicated  the  possibility  of  such  injur>^     The  claim  for 
injury  to  vegetation  was  based  on  the  flooding  of  lands.     From  the 
plaintiff's  testimony  it  appears  that  the  cross  section  of  the  stream 
at  his  farm  is  about  1 50  square  feet,  and  the  stream  at  lowest  flood 
must  carry  at  least  30,000  pounds  of  water  per  second.     Only  6,000 
pounds  of  78  per  cent  acid  are  used  at  the  tube  works  in  a  day,  and 
nearly  all  of  this  is  converted  into  iron  sulphate  before  it  is  discharged 
as  waste.     From  a  scientific  standpoint,  therefore,  it  seems  incredi- 
ble that  by  any  means  the  pollution  arising  from  this  acid,  or  ten 
times  as  much  acid,  could  noticeably  affect  the  pasture  land  or  crops. 
Were  the  waste  liquor  stored  for  days  and  discharged  only  at  time 
of  stream  flood  (a  practice  that  was  not  followed  to  any  great  extent), 
it  would  not  pollute  the  water  sufficiently  to  kill  vegetation  by 
merely  washing  over  it.     It  is  of  course  physically  impossible  under 
the  conditions  existing  that  any  free  acid  should  be  in  the  streaia 
after  the  polluting  licjuors  have  been  thoroughly  mixed  with  th^ 
stream  water.     The  alkalinity  of  the  Black  Fork  at  its  lowest  dry- 
weather  flow  is  sufficient  to  neutralize  twice  as  much  acid  as  is  used 
at  the  tube  works  were  the  acid  not  already  nearly  neutralized  in  tb^ 
pickling  process  before  being  discharged  into  the  stream.     It  is  to 
iron  oxides  and  sulphates  that  we  must  look  for  injurious  pollution  7 
but  with  added  information  regarding  the  qualities  of  these  sub-' 
stances  the  probability  of  ill  effects  upon  vegetation  grow  still  fainter- 
In  Thorpe's  Dictionary  of  Applied  Chemistry,  vol.  2  (1891),  page  367f 
we  find  the  statement  that  the  coloring  matter  of  clays  is  chiefly 
iron  oxide,  and  clays,  except  so  far  as  by  their  compactness  and 
impermeability  they  prevent  the  percolation  of  water,  certainly  ar^ 
not  injurious  to  vegetable  life.     Furthermore,  on  page  368  of  Thorpe'0 
Dictionary  we  find  the  followhig  statement  concerning  ferrous  sul-^ 
phate:  *^Iii  weak  soluticm  it  is  said  to  promote  the  growth  of  certaiu^ 
plants,  especially  of  roots.'' 
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Injury  to  stock  depends  upon  a  diflferent  set  of  conditions.  The 
time  of  lowest  stream  flow  in  dry  weather  would  be  the  time  of 
greatest  pollution.  It  is  possible  that  large  charges  of  waste  pickle 
at  such  times  might  at  certain  hours  of  the  day  produce  a  pol- 
lution which  would  be  injurious  to  animal  life,  for  although  iron 
sulphates  and  oxides  are  beneficial  in  small  quantities  and  are  largely 
used  in  tonics  for  human  consumption,  great  amounts  of  the  sul- 
phates might  do  harm.  The  testimony  was  more  or  less  conflicting 
upon  this  point,  but  a  careful  review  of  all  statements  leads  to  the 
conclusion  that  probably  no  actual  injury  was  suffered  by  stock 
because  of  the  condition  of  the  stream  water. 

The  winning  of  this  action  by  the  farmers  was  followed  by  a  suc- 
cession of  suite  for  damage  to  lands  farther  downstream.  This  sort 
of  litigation  has  been  kept  up  intermittently  until  the  present  time, 
when  three  or  more  suits,  recently  filed,  are  awaiting  trial. 

The  discharge  of  pickling  wastes  into  the  city  sewers,  with  more  or 
less  direct  pollution  of  the  stream,  was  continued  until  August, 
1904,  when  a  plant  was  installed  for  disposing  of  the  strong  iron- 
sulphate  liquors  by  converting  them  into  crystal  copperas.  A  full 
description  of  this  plant  is  given  later.  At  this  point  it  will  be  suf- 
ficient to  state  that  one-fifth  of  the  acid  used  is  thus  recovered  as  a 
commercially  marketable  substance.  Waste  of  valuable  material 
Mid  stream  pollution  are  therefore  obviated  by  this  plant  to  a  con- 
siderable extent.  No  further  changes  have  been  made  in  the  dis- 
posal of  the  wastes  pickle,  except  that  the  copperas  plant  was  enlarged 
somewhat  in  June,  1905. 

At  present,  therefore,  a  part  of  the  waste  liquor  from  the  pickling 
process  is  recovered  as  copperas;  a  part  is  discharged  into  the  city 
sewers,  passes  through  the  sewage-purification  works,  and  thence  to 
Black  Fork,  and  the  remainder  flows  into  Red  Brook  and  thence  to 
Black  Fork. 

BFPECT  OF  ACID-IRON  L.IQUOR8  UPON  SEWAGE  PURIFICA- 
TION PROCESSES. 

GENERAL   CONDITIONS. 

To  understand  the  discussion  that  follows,  no  detailed  knowledge 
.  of  the  polluting  liquors  is  necessary  beyond  a  mere  recognition  of 
tkefact  that  they  consist  chiefly  of  iron  sulphate,  with  an  admixture 
of  iron  oxides  and  free  sulphuric  acid  in  varying  ciuantities. 

A  brief  description  of  the  sewage-disposal  plant  at  Shelby  (see  PI. 
I)  is,  however,  essential.  The  plant  is  located  about  3  miles  north 
of  Shelby  on  a  25-acre  tract  owned  by  the  city  and  known  as  'Mhe 
sewer  farm."  An  18-inch  sewer  from  the  city  acts  as  a  gravity  con- 
duit for  the  sewage,  which  amounts  to  250,000  or  300,000  gallcms  a 
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day,  varying  in  quantity  with  the  amount  of  ground  water  that  finds 
entrance  to  the  system.  Rough  measurement  by  the  writer  in  July, 
1905,  indicated  a  flow  of  about  275,000  gallons.  The  sewage  firat 
enters  a  sludge  basin  for  the  removal  of  the  larger  suspended  matter, 
a  wire  screen  of  J-inch  mesh  being  placed  over  the  exit.  There  are 
two  of  these  basins,  Avhich  are  used  alternately.  Each  is  of  brick, 
10  by  24  feet  and  6  feet  deep,  and  contains  about  8,000  gallons.  It 
is  customary  to  use  one  basin  about  three  months  and  then  to  pump 
out  the  accumulation  of  sludge  for  use  as  manure  on  the  farm. 
The  sludge  is  said  to  be  an  excellent  fertilizer  and  promotes  the 
growth  of  unusual  crops. 

From  the  sludge  basin  the  sewage  flows  through  two  shallow  res- 
ervoirs, together  holding  about  five  days'  flow,  which  are  arranged 
in  series,  and  thence  is  distributed  by  half-tile  carriers  over  filter 
beds  of  cinders  and  gravel.     The  filters  are  two  in  number  and  have 
a  total  area  of  25,000  square  feet.     Six-inch  underdrains  are  laid  20 
feet  apart  in  depressions  and  covered  with  a  6-inch  layer  of  gravel  6 
or  8  feet  wide,  the  sides  of  the  depressions  sloping  to  the  drains. 
The  whole  is  then  covered  by  18  inches  of  cinders  averaging  one- 
fourth  inch  in  diameter.     The  underdrains  lead  to  an  18-inch  outfall 
sewer,  which  discharges  into  Black  Fork  a  few  yards  away.     Th^ 
filters  are  used  only  during  the  warm  months  and  receive  no  attea— 
tion  except  an  occasional  weeding.     A  by-pass  provides  for  the  di^ — 
charge  of  raw  sewage  into  the  outfall  sewer,  and  gates  lead  from  eact»- 
reservoir  to  the  stream.     The  whole  plant  is  subject  to  occasionaJ- 
overflow  of  high  water  from  Black  Fork. 

As  originally  constructed  the  sludge  basins  discharged  upon  th^^ 
filter  beds.  Because  of  rapid  clogging  the  smaller,  and  later  th^^ 
larger,  sedimentation  reservoir  was  constructed,  with  beneficial  effect  ^ 

When  visited  first  by  the  writer  in  Februar}^,  1905,  the  filter  bed^^ 
were  not  in  use,  while  on  the  second  visit,  in  July  of  the  same  year^^ 
they  were  both  being  flooded.     They  showed  every  evidence  of  bein^ 
badly  clogged,  the  sewage  standing  over  them  to  a  depth  of  18  inches— 
Only  about  half  the  sewage  passes  through  the  beds  in  any  case^ 
the  remainder  escaping  to  the  stream  by  infiltration  through  th^ 
banks  or  by  direct  flow  from  the  leaky  waste  gates  of  the  reservoirs* 
Black    Fork,  which  passes  by  the  full  length  of   both  reservoirs^ 
receives  a  large  part  of  this  waste  flow,  as  is  indicated  in  the  streal^ 
by  a  strong  discoloration  of  iron  oxide.     Indeed,  a  superabundance 
of  iron  oxide  is  apparent  about  the  whole  plant.     The  filtering  mat^^ 
rial  of  the  filter  beds  and  the  banks  of  beds  and  reservoirs  are  heavily 
coated  with  it.     The  sewage  flow  also  is  frequently  highly  discoJ'' 
ored,  especially  as  it  nears  the  filter  beds.     The  effluent  from  th^ 
beds  is  clear  and  free  from  suspended  matter,  but  upon  standing 
becomes  turbid  and  receives  a  reddish  cast  from  precipitation  of- 
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iron.  There  is  a  lack  of  odor  about  the  plant  generally,  which 
doubt  due  to  the  presence  of  a  great  quantity  of  ferrous  sulp 
in  the  sewage.  The  odor  is  noticeably  greater  in  summer,  hov 
than  in  winter.  During  the  warm  months  a  considerable  i 
action  or  gasification  is  apparent  in  the  shallow  reservoirs, 
especially  in  the  first  or  smaller  one.  Much  sedimentation 
place  in  these  ponds,  and  a  thin  scum  and  at  places  a  heavy  cr 
formed  upon  the  surface  over  a  considerable  area. 

Analyses  of  sewages  at  this  plant  are  shown  in  the  table  on 
14  and  15,  which  is  adapted  from  the  Eighteenth  Annual  Rep 
the  Ohio  State  Board  of  Health  (1903),  pp.  550-552. 

a"  When  added  to  excrementiil  matters,  it  [ferrous  sulphate]  absorbs  ammonia  and  other 
substances  and  renders  ttie  matter  almost  odorless."  Thorpe's  Dictionary  of  Applied  Ch< 
VOL  2  (1891),  p.  368. 
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The  samples  of  1901  were  taken  before  either  reservoir  had  been 
constructed,  the  effluent  of  the  sludge  basin  being  then  passed 
directly  to  the  filters;  the  samples  of  1902  were  taken  after  the  first 
or  smaller  settling  reservoir  had  been  built,  and  the  samples  of  1903 
were  taken  after  both  reservoirs  were  in  use. 

The  first  part  of  the  table  shows  a  rather  dilute  sewage,  ground 
water  doubtless  having  access  to  the  long  outfall  sewer  in  considerable 
quantity.  The  presence  of  nitrites  and  nitrates  indicates  that  a 
supply  of  oxygen  is  available,  though  we  have  no  corroboration  of 
this.  The  nitrites,  nitrates,  and  relatively  high  free  ammonia  indi- 
cate putrefaction  in  the  sewers  in  about  the  stage  one  would  expect 
from  the  somewhat  wide  separation  of  city  and  disposal  plant,  about 
three  hours  being  required  for  the  sewage  to  pass  from  the  city  to  the 
plant. 

It  is  of  interest  to  note  that  the  sludge  basin,  through  which  the 
sewage  passes  in  from  one-half  to  three-fourths  of  an  hour,  has  more 
effect  in  reducing  the  organic  matter  than  any  other  one  feature  of  the 
purification  plant.  By  oxygen  required  the  reduction  is  52  per  cent 
and  by  albuminoid  ammonia  34  per  cent.  A  reduction  of  12  per  cent 
in  total  solids  is  accomplished.  The  larger  reduction  in  oxygen 
required  and  the  increase  in  nitrites  and  nitrates  indicate  rather  vig- 
orous oxidation,,  presumably  accomplished  by  oxygen  dissolved  in  the 
sewage. 

In  the  small  sedimentation  reservoir,  which  affords  one  day  for 
settling,  anaerobic  conditions  seem  to  have  been  established  to  som& 
extent.  The  free  oxygen  is  doubtless  used  up,  and  then  the  nitrites 
and  nitrates  are  robbed  of  their  oxygen  to  assist  in  breaking  up  the 
carbonaceous  matter.  By  oxygen  required  a  reduction  of  18  per  cent 
and  by  albuminoid  ammonia  a  reduction  of  23  per  cent  is  effected  by 
the  reservoir. 

The  filters  accomplish  14  per  cent  purification  by  oxygen  required 
and  26  per  cent  by  albuminoid  ammonia.  The  entire  plant  shows  a 
very  good  percentage  of  reduction.  The  effluent,  having  a  slight 
musty  odor,  would  seem  to  be  somewhat  putrescible,  but  is  not 
chemically  a  poor  one.  It  can  not  be  regarded  as  a  source  of  serious 
pollution  of  the  stream  into  which  it  is  discharged,  even  at  lowest  flow. 

It  is  worth  while  to  note  that,  although,  owing  to  the  construction 
of  the  sedimentation  reservoir,  the  sewage  flowing  to  the  fflters  was 
in  much  better  condition  in  1902  than  in  1901,  the  effluent  is  decidedly 
worse.  This  indicates  deterioration  of  the  fflters  from  overwork  and 
neglect. 

The  latter  part  of  the  table,  giving  the  tests  of  1903,  shows  a  sew- 
age in  which  the  '* acid-iron"  conditions  are  extreme.  Iron  is  present 
in  large  quantity  and  the  acidity  is  very  high,  probably  sufficient  to 
prevent  bacterial  action.  Another  characteristic  feature  is  the  high 
value  for  oxygen  required,  the  figures  being  practically  a  measure  of 
the  ferrous  salts  present  and  affording  no  information  regarding  the 
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carbonaceous  matter.  The  very  high  soUds  and  loss  on  ignition  are 
also  worthy  of  special  notice.  The  loss  on  ignition  in  this  case  bears 
scant  relation  to  the  organic  matter  present.  The  albuminoid  and 
free  ammonia  tests  show  a  rather  small  amount  of  organic  matter  and 
a  somewhat  advanced  stage  of  putrefaction.  The  diminution  in 
acidity  is  surprisingly  rapid.  No  doubt  some  rather  complicated  reac- 
tionSy  including  a  circle  of  reduction  and  oxidation,  take  pliace,  the 
results  of  which  are  largely  the  change  from  ferrous  to  ferric  salts  and 
the  deposition  or  gaseous  escape  of  sulphur  compounds  at  the  expense 
of  the  free  acid.  This  determination  is  borne  out  by  the  similar 
diminution  in  total  soUds  and  oxygen  required.  The  organic  matter 
is  reduced  but  little  in  the  early  processes  of  the  disposal  plant,  but 
is  removed  chiefly  by  the  filters. 

The  eflluent  is  a  very  good  one  from  a  sanitary  standpoint,  so  far 
as  may  be  judged  from  the  analyses  under  consideration.  The  little 
free  acid  it  contains  can  not  be  considered  as  an  objectionable  addition 
to  the  highly  alkaline  waters  of  Black  Fork.  The  high  oxygen- 
absorbing  power,  however,  would  tend  to  produce  conditions  unsuitable 
for  fish  life  and  the  extreme  amount  of  iron  would  render  the  stream 
unsightly  and  its  waters  unfit  for  domestic  use. 
In  the  following  table  will  be  found  analyses  of  sewage  samples 

I  taken  by  the  writer  in  1905.  This  set  of  samples  differs  from  those 
of  1903  chiefly  in  the  fact  that  the  acid-iron  waste  is  less  in  the  later 
samples  by  reason  of  the  installation  of  a  copperas  plant  at  the  tube 
\  works.  Of  the  determinations  in  the  table,  dissolved  oxygen,  acidity, 
i  sulphates,  and  iron,  and  the  plating  of  bacteriological  samples  and 

i  preparation  of  cultures  for  transplanting  were  the  work  of  the  writer. 
The  remaining  work  is  all  that  of  officials  of  the  laboratory  of  the  Ohio 
;    State  Board  of  Health.     The  following  methods  of  analyses  were  used : 
.-    Organic  nitrogen,  Kjeldahl;  free  ammonia,  distillation;  residue   in 
J    platinum,  drying  at  100°;  chlorine,  silver   nitrate  with  potassium 
chromate;  oxygen  required,  boiling  five  minutes;  acidity,  sodium 
carbonate  tablets  with  methyl  orange  indicator;  sulphates,  candle 
turbidimeter;  iron,  colorimetric;  putrescibility,  incubation  five  days 
at  37°.     Regarding  the  methods  referred  to  in  brief  that  are  not  in 
general  use,  it  may  be  mentioned  that  those  used  for  acidity,  sul- 
phates, and  iron  are  the  field  methods  of  the  United  States  Geological 
Survey. 

TUs  table  shows  a  strong  acid-iron  sewage  with  a  moderate  content 
of  organic  matter.     The  acid-iron  element  is  greater  in  the  night  than 
in  the  day  sewage.     Owing  to  the  iron  sulphate  the  sewage  is  only 
moderately  putrescible  by  odor  upon  incubation.     The  bacterial  con- 
tent is  very  low,  probably  one-fourth  that  of  a  purely  domestic  sew- 
age of  similar  concentration.     The  effect  of  the  acid  is  shown  in 
reduction  of  bacteria   from  day  to   night,  and   more  strikingly  in 
reduction  of  acid-forming  bacteria,  to  which  the  acidity  appears  to  be 
specially  unfavorable. 
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SEWAGES    AND   EFFLUENTS    AT   SHELBY,  OHIO.  19 

The  effluent  is,  organically,  a  fair  one  from  a  chemical  standpoint 
d  is  nonputrescible.  Bacteriologically  it  is  very  good,  containing 
t  a  small  number  of  bacteria,  and  these  not  of  the  colon  family. 
J  content  of  iron  sulphates,  however,  makes  it  unsuitable  for  addi- 
►n  to  any  but  a  very  large  stream. 

It  will  be  observed  that  the  filters  take  but  little  part  in  the  piuifi- 
bion.  From  their  physical  aspect  this  was  to  be  expected,  although 
B  extent  of  their  deterioration  is  surprising.  Their  chief  value  at 
Bsent  seems  to  be  in  accomplishing  a  reduction  in  acidity  and 
ygen-absorbing  power.  The  plant  accomplishes  an  organic  purifi- 
tion  of  about  60  per  cent  and  a  reduction  in  mineral  matter  between 

and  40  per  cent. 

The  values  obtained  for  suspended  solids  are  subject  to  variation, 
ring  to  a  gradual  precipitation  of  iron,  especially  from  the  effluent. 
16  absence  of  dissolved  oxygen  serves  to  show  more  decidedly  the 
ridity  for  oxygen  possessed  by  ferrous  sulphate.  The  large  reduc- 
ou  in  sulphates  is  not  imlooked  for,  but  the  permanence  of  the  iron 
i  surprising.  One  would  naturally  expect  the  sulphates  to  be  the 
lore  persistent. 

A  comparison  of  the  three  sets  of  analyses  and  their  relative  con- 
litions  will  assist  in  answering  the  following  questions,  which  are 
>{  general  interest  in  their  relation  to  sewage  disposal  in  those  cities 
«rhere  acid-iron  liquors  are  encountered : 

1.  How  does  a  disposal  plant — consisting  of  sludge  basin,  large, 
shallow  sedimentation  reservoirs,  and  cinder  and  gravel  filters — 
affect  acid-iron  sewage  as  compared  with  domestic  sewage? 

2.  How  is  such  a  plant  affected  by  these  two  classes  of  sewage? 

3.  Should  large  quantities  of  acid-iron  liquors  be  admitted  to  a 
sewerage  system? 

4.  Is  a  copperas-recovery  plant  of  value  as  a  means  of  preventing 
the  overcharge  of  sewage  with  such  liquors? 

TOTAL   SOLIDS. 

Keduction  in  total  solids  occurs  chiefly  in  the  sludge  basin  and  res- 
enroirs,  the  filters  having  little  or  no  effect  on  any  of  the  sewages 
considered.  Such  effect  of  filters  as  is  shown  by  analyses  is  less 
than  the  sampling  error.  In  sludge  basin  and  reservoirs  the  per  cent 
of  solids  removed  increases  with  the  increase  of  solids  in  the  sewage. 
%far  the  greater  part  is  removed  in  the  sludge  basin,  and  the 
r&tio  of  per  cent  removed  by  sludge  basin  to  per  cent  removed  by 
reservoir  increases  with  the  increase  in  solids  in  the  sewage. 
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LOSS  ON  IGKITION — OXYOEK   REQUIRED.  21 

The  removal  of  solids  in  the  acid-iron  sewage  occurs  probably  in 
greatest  measure  as  sedimentation  of  certain  compounds  after  chem- 
ical change  by  reduction,  oxidation,  and  substitution.  Next  comes 
the  influence  of  water  of  crystallization.  Total  residue,  as  deter- 
mined upon  the  water  bath,  includes  water  of  crystallization  for  both 
ferrous  and  ferric  sulphates.  Oxidation  from  the  ferrous  to  ferric 
sulphate  is  accompanied  by  a  loss  of  36  per  cent  of  such  water,  which 
is,  of  course,  thus  lost  to  the  total  residue  determination.  It  seems 
probable  that  about  three-fourths  of  the  reduction  in  solids  can  be 
attributed  to  sedimentation,  nearly  all  the  remainder  to  change  from 
ferrous  to  ferric  compoxmds,  and  a  little  residue  to  the  escape  of  vola- 
tile compoimds. 

The  effect  upon  the  plant  of  the  increased  deposition  of  solid 
matter  after  the  acid-iron  waste  has  been  introduced  will  be  rapid 
loss  of  eflSciency  of  sludge  basin,  which  can  be  prevented  only  by 
frequent  cleaning.  The  same  effect  will  appear  in  the ,  sedimenta- 
tion reservoirs  to  a  lesser  extent,  particularly  with  *' modified'' 
sewage.  Furthermore,  the  fact  that  reduction  by  filters  is  so  much 
greater  for  ^'modified''  sewage  indicates  a  less  complete  purification 
in  the  preceding  processes,  and  consequent  crowding  of  filters,  to 
their  detriment. 

The  copperas  plant  appears  to  effect  about  60  per  cent  reduction 
in  the  solids  in  the  raw  sewage,  due  to  the  acid-iron  liquors. 

LOSS   ON    IGNmON. 

For  this  determination  we  have  comparison  only  on  normal  and 
i  acid-iron  sewages.  The  ratio  of  loss  on  ignition  to  total  residue  is 
nearly  the  same  in  both  cases,  being  slightly  less  for  the  acid-iron 
sewage.  Loss  on  ignition  for  the  acid-iron  sewage  would  appear  to 
l>e  due  largely  to  breaking  up  of  water  of  crystallization.  The 
variation  of  the  ratio  of  loss  on  ignition  to  solids  and  its  decrease  by 
oxidation  of  ferrous  salts  therefore  affords  a  means  of  rough  com- 
parison of  oxidation  and  sedimentation  in  the  purification  processes. 
Sedimentation  seems  to  be  the  greater  force  in  the  sludge  basin,  but 
^  unable  to  keep  pace  with  oxidation  in  reservoirs  and  filters.  In 
other  words,  the  combined  forces  tending  to  a  reduction  of  solids  act 
niore  vigorously  in  the  sludge  basin  and  less  vigorously  in  the  reser- 
voirs and  filters  than  does  the  single  force  of  oxidation.  The  varia- 
tion is  not,  however,  extensive. 

OXYGEN    REQUIRED. 

This  determination  means  two  different  things  wdth  the  different 
classes  of  sewage.  With  normal  sewage  it  may  be  taken  as  an 
approximate  proportional  measure  of  the  carbonaceous  material. 
VTith  acid-iron  and  modified  sewages  it  measures  the  ferrous  salts 
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also,  and  these  are  so  abundant,  the  carbonaceous  matter  being 
comparatively  insignificant,  that  its  value  as  a  measure  of  organic 
matter  is  nil.  For  the  latter  classes  of  sewage  therefore  the  oxygen 
required  may  be  assumed  with  but  little  error  to  be  a  measure  of 
ferrous  salts  present  in  the  sewage.  .  Loss  in  oxygen  required  will 
therefore  be  proportional  to  decrease  of  ferrous  salts.  Decrease  of 
ferrous  salts  probably  occurs  in  this  case  in  two  ways— (1)  by  reduc- 
tion of  ferrous  sulphate  to  iron  sulphide  and  sedimentation  of  the 
iron  sulphide,  and  (2)  by  oxidation  of  ferrous  to  ferric  sulphate. 
Just  what  changes  take  place  we  have  not  sufficient  data  to  deter- 
mine, but  it  seems  probable  that  at  Shelby  the  former  is  the  more 
prominent  reaction  in  the  sludge  basin  and  the  latter  predominates 
in  reservoirs  and  filters.  This  conclusion  is  borne  out  by  the  fact 
that  the  ratio  of  loss  on  ignition  and  of  oxygen  required  to  total 
solids  increases  from  raw  sewage  to  sludge  basin  effluent  and  decreases 
thereafter. 

The  ratio  of  loss  on  ignition  to  oxygen  required  for  acid-iron  sewage 
is  practically  constant  in  sludge  basin  and  filters,  but  undergoes  a 
slight  increase  in  the  reservoirs.  This  is  in  marked  contrast  to  the 
variation  in  the  similar  ratio  for  normal  sewage,  which  undergoes 
rapid  increase  as  the  sewage  passes  through  the  works.  This  ratio 
offers  the  most  distinctive  difference  in  the  action  of  the  purificatiox^ 
processes  upon  the  two  sewages. 

ALBUMINOID   AMMONIA    AND   ORGANIC    NITROGEN. 

Albuminoid  ammonia  for  normal  and  acid-iron  sewages  and  organic 
nitrogen  for  modified  sewage  are  the  only  determinations  from  whid^ 
may  be  gathered  the  comparison  of  effect  of  plant  upon  the  organi^^ 
matter  of  the  sewages  considered.     The  sludge  basin  appears  to  caus^ 
three  times  as  much  reduction  in  organic  matter  for  normal  as  fo:^ 
acid-iron  sewage;  the  reservoirs  seem  to  have  about  the  same  effec**^ 
upon  the  two,  while  the  filters  offset  the  effect  of  the  sludge  basing 
making  the  effluents  of  about  equal  purity.     Although  the  organic^ 
nitrogen  of  modified  sewage  should  not  be  directly  compared  with  th^ 
albuminoid  ammonia  of  normal  and  acid-iron  sewage,  a  general  con-- 
sideration  of  these  determinations  would  seem  to  indicate  equally 
as  good  reduction  for  modified  as  for  normal  sewage  in  sludge  basin 
and  reservoirs,  but  practically  no  reduction  is  secured  by  the  filters 
on  modified  sewage.     From  the  condition  of  the  filters  this  last  result 
was  to  be  expected. 

It  may  safely  be  said  that  the  introduction  of  acid-iron  wastes 
interferes  with  the  reduction  of  organic  matter  in  sludge  basin  and 
reservoirs,  and  thus  tends  to  crowd  work  upon  the  filters.  The  effect 
upon  the  plant  will  be  a  more  rapid  decrease  of  efficiency  than  would 
otherwise  be  the  case.  The  copperas  plant  is  beneficial  in  alleviating 
these  conditions,  apparently  to  a  very  great  extent. 
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FREE   AMMONIA. 

3  determination  shows  wide  variation  under  the  diflFerent  con- 
3.  With  normal  sewage  there  is  a  sHght  but  persistent  decrease 
ammonia  in  all  the  purification  processes,  the  greatest  decrease 
found  in  the  reservoirs.  With  the  strong  acid-iron  sewage 
is  a  slight  increase  in  the  sludge  basin,  a  very  great  decrease  in 
dimentation  reservoirs,  and,  finally,  a  great  increase  in  the 
It  appears  as  though  the  saline  nitrogen  in  sludge  basin  and 
is  held  in  the  sewage,  while  the  reservoirs  allow  a  very  con- 
ble  escape  of  nitrogen  gases.  With  the  modified  sewage  there 
teady  increase  in  free  ammonia  throughout  the  plant.  Evi- 
•  the  absorbing  power  of  iron  sulphate  and  the  combining 
of  the  free  acid  in  acid-iron  sewages  tend  to  hold  in  the  sewage 
itrogen  or  nitrogenous  compounds,  but  under  favorable  con- 
3  these  volatile  substances  may  escape  to  a  greater  or  less 

NITRITES    AND    NITRATES. 

addition  of  acid-iron  waste  to  the  sewage  very  largely  dimin- 
Lhe  nitrites  and  causes  the  nitrates  to  disappear  entirely  in  all 
wages  examined.  This  action  is  doubtless  due  to  the  reducing 
ies  of  the  iron  sulphate  and  bears  no  relation  to  organic  purifi- 

i. 

ALKALINITY. 

5  alkalinity  of  normal  sewage  is  affected  but  little  by  the  purifi- 
i  processes.  The  acid-iron  sewage,  on  the  other  hand,  with  its 
acidity,  undergoes  great  change  and  is  practically  neutralized 
3  action  of  the  disposal  plant.  Most  interesting  is  the  reduction 
dity  by  the  filters.  Apparently  they  provide  conditions  spe- 
favorable  for  change  from  ferrous  to  ferric  sulphate,  and  the 
cid  is  thus  used  up.  The  effect  of  the  acid  upon  the  plant  is  to 
ere  seriously  with  bacterial  action  and  in  so  doing  to  destroy  in 
measure  the  pathogenic  quality  of  the  sewage. 

SI  MMAUY. 


I 


[ntroduction  of  acid-iron  waste  into  domestic  sewage  (a)  largely 
ses  its  total  solids,  loss  on  ignition,  iron,  sulphates,  and  oxygen 
ed,  causes  the  disappearance  of  nitrites  and  nitrates,  and 
es  it   to  a  highly  acid   licjiiid;  (6)  reduces   the  effect   of   the  :^j 

;  basin  upon  organic  matter,  and  tends  toward  a  rapid  deterio-  v^j 

of  ever^' part  of  the  sewa^re-disposal  ])lant ;  (c)  interferes  with 
•ial  action,  but  in  so  doin^r  lessens  the  harmful  (iiiality  of  sewage; 
duces  obnoxious  odors  from  the  sewage  and  reduces  its  putres- 
y  by  absorption  of  gases ;   {()  renders  the  effluent  of  the  sewage- 
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purification  works  unfit  to  enter  any  but  a  very  large  stream  because 
of  its  content  of  iron  sulphates. 

2.  A  sewage-disposal  plant  consisting  of  sludge  basin,  five-day 
sedimentation  reservoirs,  and  cinder  and  gravel  filter  beds  (aZ 
removes  organic  matter  from  highly  acid-iron  sewage  as  completely 
as  from  domestic  sewage;  (6)  affords  less  freedom  from  free  or  saline 
ammonia  when  treating  acid-iron  sewage;  (c)  accomplishes  greatei 
reduction  but  affords  a  worse  effluent  as  regards  oxygen  required 
when  treating  acid-iron  sewage;  (d)  renders  extremely  acid  sewage 
i^^rly  neutral  but  affects  the  alkalinity  of  domestic  sewage  very 
i^jbtle;  (e)  affords  an  effluent  with  one-fourth  the  quantity  of  nitrites 
jii^. acid-iron  as  in  domestic  sewage,  but  with  no  nitrates  or  dissolved 

M  Q?^ygen  in  acid-iron  sewage;  (/)  may  reduce  total  solids  as  much  a£ 
-n79  per  cent  in  acid-iron  sewage,  while  domestic  sewage  is  reduced 
-..Opt  more  than  20  per  cent;  (g)  reduces  sulphates  in  same  proportion 
as  total  solids  but  affords  only  slight  decrease  in  iron  content  of  acid- 
iron  sewage;  Qi)  lessens  the  number  of  bacteria  in  acid-iron  sewage 
by  99.5  per  cent  and  frees  it  from  B,  coli  communis  and  other  acid- 
producing  bacteria. 

3.  The  installation  of  a  copperas  plant  recovering  20  to  25  per  cen^ 
of  the  acid  used  in  pickling,  such  plant  treating  the  wastes  before 
they  enter  the  sewers,  reduces  the  harmful  effects  of  acid-iron  sewage 
upon  such  a  disposal  plant  by  about  60  per  cent,  and  in  consequence 
reduces  in  like  proportion  the  attention  requisite  for  proper  main- 
tenance of  the  plant.  The  copperas  plant,  however,  will  not  take 
the  place  of  attention  to  the  sewage  processes;  a  better  effluent  may 
be  obtained  with  an  extremely  concentrated  acid-iron  sewage  and 
careful  attention  than  with  a  60  per  cent  better  sewage  without  the 
attention. 

In  connection  with  these  conclusions,  based  upon  meager  and  frag- 
mentary data,  it  will  be  of  especial  interest  to  review  the  conclusions 
of  Kinnicutt  and  Eddy,  based  upon  two  years^  constant  work  upor 
Worcester  sewage.  This  sewage  is  about  4§  times  as  strong,  organic- 
ally, as  the  sewage  here  considered,  but  contains  only  10  per  cent  ai 
much  solid  matter  and  4  per  cent  as  much  free  acid  as  what  is  her^ 
designated  "acid-iron '*  sewage,  and  22  per  cent  as  much  solid  matter" 
24  per  cent  as  much  iron,  and  50  per  cent  as  much  free  acid  as  wha^ 
is  here  termed  * 'modified^'  sewage.  The  results  of  Kinnicutt  and 
Eddy's  work,  quoted  below,  from  pages  44  and  45  of  the  Fourth  Repor  t 
of  the  Connecticut  Sewerage  Commission,  1902,  are  based  upor" 
observations  of  the  slow  passage  of  such  sewage  through  a  closec 
septic  tank.     From  this  summary  of  results  it  appears — 

That  about  one-fourth  of  the  total  solid  matter  contained  in  the  sewage  will  be  r©move<^ 
That  the  effluent  from  the  tank  will  contain  about  20  per  cent  less  soluble  matter  thatf 

-  the  crude  sewage,  owing  to  the  soluble  matter  in  the  sewage  being  decomposed  <9r  changed 

into  }nso)uh]e  substances. 
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lat  the  amount  of  suspended  matter  removed  from  the  sewage  will  not  greatly  exceed 

er  cent  unless  special  precautions  are  taken  to  retain  in  the  tank  the  finely  divided 

sulphide  formed  by  the  reduction  of  the  soluble  iron  sulphate  in  the  sewage. 

lat  the  amount  of  organic  matter  removed  from  the  sewage  as  determined  from  the 

minoid  ammonia  will  average  from  20  to  25  per  cent. 

lat  of  the  suspended  organic  matter  the  amount  removed  will  average  a  little  under  50 

;eot,  and  that  the  amount  of  soluble  organic  matter  removed  will  not  average  much 

)  than  10  per  cent  of  the  soluble  organic  matter  in  the  sewage. 

lat  of  the  suspended  matter  taken  out  of  the  sewage  in  its  passage  through  the  tank, 

.  60  to  70  per  cent  will  remain  in  the  tank  and  have  to  be  removed ;  only  from  30  to  40 

rent  of  the  arrested  suspended  matter  being  changed  by  the  action  of  the  bacteria  into 

)Ie  or  gaseous  substances 

lat  the  amount  of  sludge  that  will  have  to  be  handled  when  it  is  necessary  to  clean  out 

ank  will  not,  however,  equal  60  or  70  per  cent  of  the  weight  of  the  sludge  that  would  bo 

ed  from  the  removal  of  the  same  amount  of  suspended  matter  in  a  sedimentation  tank, 

evill  not  be  more  than  50  per  cent  of  this  amount,  owing  to  the  fact  that  the  sludge  in  a 

c  tank  contains  less  water  than  the  sludge  in  a  sedimentation  tank. 

lat  with  an  acid-iron  sewage  containing  street  washings  the  amount  of  mineral  matter 

ie  sludge  will  be  about  50  per  cent  of  the  total  solid  matter  in  the  sludge,  and  of  this 

iral  matter  over  one-third  will  be  found  to  be  iron  sulphide 

lat  decomposition  of  the  sludge,  &s  shown  by  the  evolution  of  gas,  will  take  place  in 

er  as  well  as  in  summer  if  the  temperature  of  the  sewage  in  the  tank  does  not  fall  below 

Fahrenheit,  but  the  rate  of  decomposition  will  be  much  slower,  one-half  of  what  it  is  in 

mcr. 

lat  the  amount  of  gas  evolved  from  the  septic  tank  with  a  sewage  similar  to  Worcester 

ige  and  having  alx>ut  the  ^ame  range  temperature  as  Worcester  sewage,  will  average  a 

>  over  one-half  a  cubic  foot  for  every  100  gallons  of  sewage  passed  through  the  tank, 

rate  of  flow  of  the  sewage  through  the  tank  being  eighteen  hours.     In  the  warmest 

ths  the  amount  evolved  will,  however,  be  about  1  cubic  foot ;  in  the  coldest  months 

it  one-fourth  of  a  cubic  foot. 

bat  the  gas  given  off  from  a  septic  tank  with  acid-iron  sewage  does  not  contain  hydro- 

or  sulphide  of  hydrogen,  but  a  mixture  of  marsh  gas,  carbon  dioxide,  and  nitrogen,  in 

lit  the  following  proportions:  Marsh  gas,  75  per  cent;  carbon  dioxide,  6  per  cent; 

ogen,  19  per  cent. 

PRESENT  CONDITIONS  ALONG  THE  STREAM. 

[n  eluly,  1905,  an  investigation  was  made  of  conditions  along 
ick  Fork  for  7  miles  below  Shelby.  Pollution  by  acid-iron  wastes 
s  easily  apparent  at  two  points.  The  first  is  at  the  mouth  of  the 
all  stream  (Red  Brook)  which  passes  by  the  tube  works.  This 
eam  obviously  receives  acid-iron  liquors,  presumably  the  wastes 
►m  the  pickling  tubs  and  the  copperas  plant  hereinafter  described, 
le  waters  are  highly  colored  with  iron,  and  numbers  of  small  dead 
imows  were  found  below  the  tube  works.  Lack  of  oxygen  in  the 
tter  was  the  apparent  cause  of  their  death,  the  fish  coming  to  the 
rface  gasping  for  breath  and  finally  giving  up  the  struggle,  floating 
wnstream  belly  upward.  A  short  distance  below  the  tube  works 
is  stream  empties  into  Black  Fork  and  gives  its  waters  a  high  iron 
Jcoloration.  For  a  few  hundred  yards  below  this  point  Black  Fork 
shallow  and  its  current  rapid.     Then  follow  a  succession  of  deep 
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pools  of  slowly  moving  water.  These  conditions  are  ideal  for  the 
oxidation  and  sedimentation  of  the  iron.  Consequently,  more  than 
three-quarters  of  a  mile  below  the  tube  works  no  discoloration  is 
noticeable. 

The  extent  of  the  pollution  is  shown  roughly  by  the  following  table z 

Effect  of  tube  xoorks  effluent  upon  Red  Brook. 
[Observations  mado  July  13, 1905;  in  parts  per  million.] 


Location. 

Iron  as 
Fe. 

Sulphuric 

add  as 

80.. 

AlkaUn- 
Ityas 
CaCO,. 

Dissolved 
oxygen. 

Period. 

One-half  mile  above  tube  works. 
One-fourth    mile    below    tube 

works,     one-fourth     hourly 

composite 

ao 

32.5 
40.0 
180.0 
20.0 
10.0 
25.0 

120 

285 
285 
640 
355 
355 
355 

180 

190 
190 
74 
47 
78 
89 

5.6 

0.0 
0.0 
0.0 
0.0 
0.0 

ao 

64.5  a.  m.  to  8.30  a.  m. 

Do 

Do 

Do....: 

Do 

Do 

8.45  a.  m.  to  10.30  a.  m. 
10.45  a-  m.  to  12.30  p.  m. 
12.45  p.  m.  to  2.30  p.  m. 
2.45  p.  m.  to  4.30  p.  m. 
4.45  p.  m.  to  6.30  p.  m. 

Average      below      tube 
works 

51.2 

380  1            111 

0.0 

6.45  a.  m.  to  6.30  p.  m. 

The  samples  analyzed  we/e  made  up  of  equal  quantities  taken  from 
the  stream  every  fifteen  minutes  during  the  two-hour  periods  shown 
by  the  table.  The  absence  of  dissolved  oxygen  in  the  stream  is  a 
point  worthy  of  special  notice  and  indicates  the  cause  of  the  death  of 
fish.  The  other  determinations  show  that  the  polluting  liquor  con- 
tains large  quantities  of  iron  sulphates,  but  little,  if  any,  free  acid. 
At  no  time  during  the  day  was  any  free  acid  found  in  the  stream 
waters,  though  their  alkalinity  was  considerably  decreased.  This 
decrease  could  be  accounted  for  by  the  reaction  of  the  iron  sulphates 
with  the  alkaline  carbonates  of  the  stream  waters,  though  it  is  proba- 
ble that  a  little  free  acid  in  the  waste  discharged  is  the  chief  contrib- 
uting factor.  A  discharge  of  an  increased  amount  of  waste  liquor 
evidently  took  place  just  before  noon.  Barring  accidental  cause,  this 
circumstance  would  indicate  that  the  pollution  is  to  a  considerable 
extent  under  control  and  not  wholly  due  to  uncontrolled  leakage. 
It  is  estimated  that  the  stream  has  a  flow  of  about  40,000  gallons  per 
hour.  During  the  working  day,  therefore,  apparently  about  1,000 
pounds  of  wSOg  are  discharged  into  the  stream  at  the  tube  works. 
Assuming  a  normal  condition  at  the  plant,  this  amount  could  come 
only  from  liquors  wasted  at  the  pickling  tubs. 

The  second  point  of  pollution  by  iron  liquors  is  at  the  city  sewage 
farm,  3  miles  below  Shelby.  Beginning  on  the  morning  of  July  12,  a 
forty-eight-hour  test  of  the  efliciency  of  the  sewage-disposal  plant  was 
made,  samples  being  taken  every  hour  during  that  time.  The  aver- 
age content  of  the  effluent,  in  parts  per  million,  for  this  period  is  as 
follows : 
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CcnterU  ofefiuent  of  Hwage^iayosdl  jjikmi  3  miles  hdow  Shelby  ^  Ohio, 

Iron  as  Fe 485 

Sulphuric  acid  as  SO, 1,310 

Acidity  as  CaCX), 25 

Dissolved  oxygen 0 

Rough  measurements  of  the  sewage  flow  show  that  it  was  approxi- 
mately 275,000  gallons  a  day.  Apparently  about  half  of  this  amount 
passes  out  through  the  effluent  pipe,  the  remainder  leaking  to  the 
stream  from  the  sedimentation  basins.  Both  effluent  and  leakage 
turn  the  stream  waters  red,  from  precipitated  iron. 

To  determine  the  persistency  of  the  eflFects  of  the  polluting  eiHuents 
samples  from  Black  Fork  were  analyzed  at  suitable  distances  below 
Shelby.  The  results  of  these  analyses  and  also  of  analyses  of  the  pol- 
luting liquors  are  shown  in  the  accompanying  table: 

Analyses  of  water  of  Black  Fork  and  Red  Brook  near  Shelby ,  Ohio, 
(Parts  per  million.] 


Sul-     ' 

Iron 

pburic 

as  Fe. 

acid  as 

so,. 

Red  Brook  \  mile  below  tube 
works. 

51.2 

380 

Hiack  Fork  above  mouth  of 

ao 

70 

Red  Brook. 

Hlack  Fork  i  mile  below  Red 

as 

140 

Brook:  Smiley  street. 

HiAck    Fork   U   mUes   below 
moatb  of  Red  Brook;  State 

ao 

120 

street. 

Affluent  of  sewage  farm 

485.0 

1,310 

Black  Fork  opposite  sewage 
farm.  Smiles  below  mouth  of 

4.0 

120 

^  Red  Brook. 

Black    Fork    4    miles    below 

14.0 

320 

mouth  of  Red  Brook;  §  mile 

northwest  of  London. 

mouth  of  Red  Brook;  Isaac 

Z8 

185 

_  Adams  farm. 

Black    Fork    7    mUes    below 

2.0 

145 

mouth  of  Red  Brook. 

Alkalin- 
ity as 
CaCO^ 

Dis- 
solved 
oxygen. 

5i^ 

Remarks. 

111 
190 

0.0 
6.4 

13 
13 

Average  of  samples 
taken  every  15  min- 
utes from  6.30  a.  m. 
to  6.30  p.  m. 

190 

6.4 

13 

170 

6.4 

13 

a25 
160 

0.0 

&2 

12-13 
12 

100  yards  above  en- 
trance of  effluent. 

100 

2.6 

14 

1  mile  below  sewage 
farm. 

130 

6.3 

14 

2i  miles  below  sewage 
farm. 

150 

6.6 

14 

4  miles  below  sewage 
farm. 

a  Acidity  as  CaCOj. 

It  will  be  noticed  that  the  iron  precipitates  out  very  rapidly.  One- 
half  mile  below  the  entrance  of  the  small  stream  it  has  decreased  to 
within  one-half  part  per  million  of  the  iron  content  of  the  Black 
Fork  above  the  point  of  pollution.  At  the  next  sampling  point, 
three-fourths  of  a  mile  farther  down,  it  is  normal,  or,  in  other  words, 
no  pollution  by  iron  can  be  detected.  Opposite  the  sewage  farm 
the  leakage  from  the  sedimentation  basins  causes  a  slight  increase 
in  iron  content,  while  a  mile  below  the  farm  an  abnormal  amount  of 
iron  was  found.  At  this  point  the  stream  was  highly  colored  by 
iron  sesquioxide.  Again,  however,  the  iron  quickly  precipitates  and 
becomes  less  2}  miles  below  the  sewage  farm  than  it  is  above  Shelby. 
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This  decrease  in  iron  content  continues,  so  that  4  miles  below  the 
farm  the  stream  contains  one-third  less  iron  than  above  Shelby.  .^ 

The  influence  upon  the  dissolved  oxygen,  as  would  be  expec^Ml^  is 
in  inverse  ratio  to  the  influence  upon  iron  content,  and  the  resuk  of 
this  determination  corroborates  the  results  previously  discuased. 
In  a  word,  the  polluting  iron  liquor  rapidly  takes  up  the  oxygen  in 
the  stream  and  is  itself  precipitated  thereby.  Judging  from  thfi^4oir 
content  of  oxygen  a  mile  below  the  sewage  farm,  it  is  evident  that  ihB 
conditions  for  this  distance  are  adverse  to  fish  life  and  may  cause  tha 
death  of  small  fish. 

Another  effect  we  would  expect  would  be  decreased  alkalinity  and 
an  increased  sulphate  content.  Reaction  of  the  iron  sulphates  witt 
the  carbonates  of  the  alkaline  earths  would  eventually  result  in  the 
production  of  iron  oxide,  carbonic  acid  gas,  calciimi  sulphate,  and 
magnesium  sulphate.  The  iron  oxide  and  excess  of  alkaline  earth 
sulphates  would  precipitate  and  the  gas  would  escape.  The  effect 
upon  the  stream,  therefore,  would  be  to  give  it,  compared  with  other 
streams  of  this  locality,  an  abnormally  high  content  of  incrusting 
sulphates,  or  permanent  hardness,  and  a  comparatively  low  alkalinity, 
or  temporary  hardness.  That  such  reaction  actually  occurs  is  shown 
by  the  analyses  made. 

The  effects  of  pollution  by  acid-iron  wastes  at  Shelby  may  there* 
fore  be  summed  up  as  follows: 

1.  From  the  points  of  pollution  to  a  point  varying  from  one-half 
mile  to  1  i  miles  below,  the  natural  condition  of  the  stream  waters  iB 
seriously  impaired  for  general  use  and  detrimental  to  fish  life. 

2.  Beyond  this  point  no  effect  can  be  noticed  aside  from  an  increase 
in  permanent  hardness  and  a  decrease  in  temporary  hardness  of  the 
waters.  Such  effect  is  not  prejudicial  to  animal  or  vegetable  life, 
but  damages  the  value  of  the  water  for  use  in  boilers  and  to  a  less 
extent  for  domestic  purposes. 

RECOVERT  OF  COPPERAS  FROM  ACID-IRON  WASTES. 

Before  entering  upon  a  discussion  of  the  merits  of  a  copperas- 
recovery  plant  as  a  means  of  disposing  of  acid-iron  wastes,  it  will  be 
advisable  to  describe  the  process  which  produces  such  liquors  and  to 
show  in  some  detail  their  characteristic  mineral  content. 

THE    PICKLING   PROCESS. 

To  clean  iron  and  steel  from  riist  and  scale  it  is  immersed  in  a 
solution  of  acid  in  tubs  or  vats  of  shape  and  dimensions  suitable  to 
accommodate  the  material  to  be  pickled.  In  tube  works  the  pickling 
tubs  are  naturally  long  and  narrow  to  accommodate  the  sections  of 
tubing.    In  such  works  the  material  is  pickled  before  annealing,^  in 
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order  that  this  process  may  have  most  uniform  and  perfect  results. 
Moreover,  one  of  the  last  steps  in  manufacture  is  the  passage  of 
finishad  tubing  through  the  pickling  baths,  after  which  it  is  rinsed 
and  oiled,  so  that  it  may  be  shipped  in  perfect  condition.  Much  of 
such  material  is  used  in  boilers  and  in  other  places  where  it  is  of  the 
utmost  importance  that  rust  should  be  prevented;  hence  the  special 
precautions.  In  tin-plate,  galvanizing,  and  other  work  where  iron 
is  coated  with  another  substance,  it  is  necessary  that  the  iron  should 
be  clean  and  free  from  rust  in  order  that  the  coating  may  properly 
adhere.  It  is  therefore  pickled  and  rinsed  before  coating.  In  such 
works  it  is  frequently  customary  to  pass  the  material  through  more 
than  one  bath  to  produce  the  desired  perfection  of  surface. 

The  acids  used  for  pickling  are  commercial  grades  of  hydrochloric 
and  sulphuric   acid.     Until  sulphuric  acid  was  cheaply  produced 
hydrochloric  was  used  almost  exclusively,  but,  except  for  special 
classes  of  work  in  which  hydrochloric  acid  gives  better  results,  it  has 
now  largely  been  superseded  by  sulphuric  acid,  a  60°  grade  (about 
78  per  cent  pure)  being  in  most  general  use.     The  strength  of  solu- 
tion varies  somewhat  with  the  work  to  be  done.     The  best  solvent 
for  the  sesquioxide  of  iron  is  a  solution  consisting  of  8  parts  of  sul- 
phuric acid  and  3  parts  of  water.     A  much  weaker  liquor  is  used  in 
i   pickling,  however,  a  10  per  cent  solution  of  the  60°  acid  being  a 
[    common  strength  for  making  up  the  fresh  pickling  bath. 
!      Circulation  is  a  primary  requisite  of  good  pickling.     Were  the 
niaterial  allowed  to  lie  in  a  heap  in  the  acid,  some  parts  would  be 
more  thoroughly  cleaned  than  others,  the  surface  would  become 
pitted,  and  the  material  would  be  seriously  damaged  in  value.     To 
avoid  such  results  a  rapid  circulation  of  the  liquid  or  a  movement 
of  the  material  pickled  is  necessary.     This  is  customarily  accom- 
plished by  machinery  which  automatically  alternately  thrusts  the 
niaterial  into  and  draws  it  from  the  bath  or  which  forces  the  liquid 
around  the  material  by  a  plimger.     The  pickling  solution  is  kept  at 
a  temperature  ranging  from  140°  F.  to  a  little  more  than  212°  F.  in 
order  to  increase  the  activity  of  the  acid.     This  is  usually  done  by 
forcing  steam  into  the  bath  from  open  pipes. 

At  the  Shelby  Steel  Tube  Works  circulation  and  heating  are  accom- 
plished by  closed  steam  pipes  of  acid-proof  material  laid  in  the  bottom 
of  each  tub.  The  liquor  is  thus  heated  to  a  state  of  violent  ebullition 
and  an  eminently  satisfactory  circulation  obtained  and  very  rapid  and 
thorough  pickling  made  possible. 

As  previously  stated,  the  fresh  pickling  bath  contains  about  10 
per  cent  of  acid.  As  the  process  of  pickling  continues,  the  per  cent 
of  acid  becomes  less  and  less  because  of  the  combination  of  acid  with 
iron  to  form  iron  sulphates.  More  acid  is  therefore  added  in  a  con- 
tinuous stream  or  by  charges  in  order  to  keep  the  bath  working 
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actively.  Finally,  when  the  liquor  contains  about  15  per  cent  of 
iron  sulphates  and  2  per  cent  of  acid  it  is  discarded  as  useless  and  is 
generally  discharged  into  the  most  convenient  stream. 

This  forms  waste  1,  the  first  waste  from  the  process.  It  is  to  be 
noted  that  the  waste  liquor  or  *' spent  pickle'*  from  any  one  plant 
will  be  of  fairly  uniform  consistency  and  is  disposed  of  in  charges, 
usually  once  or  twice  a  day. 

After  pickling,  the  iron  or  steel  material  is  passed  through  a  rinse 
tub  in  order  to  free  it  from  an  excess  of  acid.  Were  it  not  rinsed  the 
acid  would  continue  to  eat  the  material  and  would  soon  coat  it  with 
rust.  The  rinse  tubs  are  usually  similar  to  the  pickling  tubs  in  size 
and  shape.  A  continuous  stream  of  water  passes  through  them,  the 
discharge  pipe  leading  to  sewer  or  stream.  This  rinse  water,  of 
course,  takes  up  a  considerable  quantity  of  iron  and  acid  from  the 
material  pickled.     It  forms  waste  2,  the  second  waste  from  the  process. 

After  it  is  rinsed  the  material  to  be  coated  is  passed  directly 
through  the  galvanizing,  tinning,  or  other  coating  process,  or  it 
may  first  be  subjected  to  a  bath  in  very  dilute  hydrochloric  acid  to 
give  a  still  better  surface  for  coating.  The  waste  from  this  last  bath 
is  usually  inconsiderable  in  comparison  with  the  others  and  passes 
out  with  the  rinse  water,  waste  2.  In  the  tube  works,  after  pickling, 
the  tubing  is  oiled  in  *'dope''  tubs  similar  to  the  pickling  tubs.  This 
process  gives  a  little  waste  oil,  which  passes  out  with  waste  2,  but  is 
not  sufficient  in  quantity  to  merit  special  notice. 

CHARACTER   OF   LIQUORS   AT   SHELBY. 

In  March,  1905,  the  writer  visited  the  pickling  plant  at  the  Shelby 
Steel  Tube  Company  and  had  samples  of  the  various  liquors  collected. 
These  samples  were  taken,  and  quantities  of  liquors,  etc.,  were  esti- 
mated or  taken  from  the  records  of  the  company,  by  its  employees. 
They  can  not,  therefore,  be  vouched  for  by  the  writer.  This  is 
especially  to  be  regretted,  since  later  investigations  upon  stream  and 
sewage  show  the  presence  of  very  much  more  acid-iron  waste  than 
the  figures  on  wastes  obtained  from  the  company  would  lead  one  to 
expect.  The  officials  of  the  company,  however,  appeared  to  be  act- 
ing in  good  faith.  Because  of  a  disagreement  between  figures  given 
for  acid  used  and  compounds  of  acid  in  wastes  1  and  2,  corroborated 
by  the  writer's  personal  investigations  in  another  pickling  plant,  it 
is  believed  that  there  is  a  large  amount  of  drainage  from  pickled 
material  and  leakage  from  tubs,  vats,  etc.,  which  passes  out  with 
these  wastes,  but  is  not  taken  into  account  in  the  measurements  and 
does  not  influence  the  character  of  the  samples  taken.  The  writer 
therefore  accepts  without  question  all  the  figures  furnished  by  the 
company.     It  is  obvious,  however,  that  in  any  plan  to  prevent 
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stream  pollution,  such  drainage  and  leakage  should  be  carefully  col- 
lected and  treated  with  waste  1  instead  of  being  allowed  to  combine 
with  waste  2,  as  it  undoubtedly  does  in  most  plants.  Being  an 
unknown  quantity,  except  from  inference,  it  is  not  further  considered 
in  this  report. 

The  following  table  shows  the  results  of  analyses  made  of  samples 
collected  March  29,  1905: 

Re9uUs  of  analyses  of  picJdin^process  liquors. 
[Parts  per  million.] 


Shelby 
citv  water 
influent  to 
I  rinse  tubs. 


Sample  number 

Addlty  (HsSOi) 

Sulphuric  acid  as  SOi. 

Iron  as  Fe 

Gallons  per  day 


0226 
902 
036 

9,550 


Effluent 

of  rinse 

tubs. 


29 

260 

2,184 

1.388 

9,550 


PickUng 
liquor  at 

end  of 
first  day. 


30 

110,600 

158,700 

50,400 

1,230 


Pickling 
liouor  at 
end  of  sec- 
ond day. 


31 

26,700 

100,400 

57,300 

1,230 


i 


a  AlkaUnlty  in  terras  of  IIsSOi. 

Samples  28  and  29,  being  from  continuous  flows,  are  hourly  com- 
posite samples,  showing  average  composition  for  the  working  day. 
It  is  the  custom  to  begin  each  day  with  three  tubs  of  fresh  pickling 
solution.  At  the  end  of  the  day  these  still  contain  active  acid.  They 
we  retained,  therefore,  and  used  the  following  day  for  pickling  the 
rougher  material.  At  the  end  of  the  second  day  they  are  emptied. 
Each  day,  therefore,  three  tubs  are  filled  and  three  emptied,  six  tubs 
being  used  in  all. 

Sample  30  is  composed  of  equal  parts  from  tubs  filled  on  the  morn- 
ing of  March  29,  and  sample  31  of  equal  parts  from  tubs  filled  the 
previous  day.  Both  samples  were  taken  after  the  pickling  for  March 
29 had  been  completed.  Sample  31,  therefore,  is  ''spent  pickle,'*  to 
be  emptied  from  the  tubs,  and  may  be  taken  as  the  residual  liquor 
from  one  day's  pickling,  really  representing  the  heavy  work  of  March 
28  and  the  light  work  of  March  29  combined. 

Sample  30  is  the  residual  liquor  from  the  heavy  work  of  March  29 
»nd  was  used  for  the  light  work  on  March  30  for  further  neutraliza- 
tion of  the  acid. 

On  March  28,  6,300  pounds  of  60°  sulphuric  acid  were  used  in 
pickling,  and  on  March  29  the  amount  required  was  6,400  pounds. 
We  may  take,  therefore,  6,350  pounds  of  acid  as  the  quantity  affect- 
ing the  analyses  shown  in  the  table.  This  amount  of  60°  acid  con- 
tains an  equivalent  of  4,030  pounds  of  S(\. 

From  the  report  of  the  sulphuric  acid  industry  appearing  in  the 
Twelfth  United  States  Census,  the  avera<^e  value  of  60°  acid  is  $14.47 
per  ton,  or  $22.75  per  ton  of  SO3  content. 
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RINSE   WATER. 

At  Shelby  the  rinse  water  is  now  discharged  into  the  sewers.  A 
comparison  of  results  on  samples  28  and  29  shows  that  the  9,550 
gallons  of  rinse  water  received  from  the  material  rinsed  150  pounds  SO,. 

Of  the  SO3  thus  lost  little  is  in  the  free  state,  that  which  has  not 
already  combined  with  the  iron  or  has  not  been  neutralized  by  the 
alkaline  water  being  only  a  small  portion  of  the  whole.  This  loss 
represents  5.7  per  cent  of  the  acid  used,  or  $1.34  a  day.  The  solution 
is  made  too  dilute  to  admit  of  economical  recovery  of  any  compound 
it  contains.  Its  effect  upon  the  sewage  is  of  interest.  Let  us.assume 
that  the  sewage  would  have,  normally,  the  same  iron  content  and 
alkalinity  as  the  city  water  (sample  Xo.  28  in  table).  The  flow  of 
sewage  during  the  working  day  is  about  150,000  gallons,  say  IS  times 
the  amount  of  rinse  water.  The  alkalinity  would  therefore  be 
decreased  by  about  one-sixteenth  the  acidity  of  the  rinse  water,  or 
16  parts  per  million,  leaving  it  with  an  alkalinity  of  210  parts  per 
million,  approximately.  This  effect  is  inconsiderable.  The  iron 
content  would  be  increased  by  one-sixteenth  the  iron  content  of  the 
rinse  water,  or  87  parts  per  million.  There  is  no  reason  to  suppose 
that  this  amount  would  affect  injuriously  the  operation  of  the  sewage- 
disposal  works. 

It  appears,  therefore,  that  the  rinse  water  might  safely  be  added 
to  the  city  sewage  without  fear  of  nuisance.     While  it  is  far  too  dilute 
for  the  economical  recovery  of  iron  or  acid  in  any  form,  the  iron  might, 
readily  be  reduced  to  an  insignificant  amount  by  precipitation  before 
it  is  allowed  to  enter  the  city  sewers.     This  could  best  be  done,  theo' 
retically,  by  the  use,  daily,  of  100  pounds  of  NH3  in  the  form  o^ 
ammonia  water,  a  small  basin  being  provided  for  sedimentatioc^- 
Satisfactory  results  could  also  be  obtained  by  the  use  of  165  pounds 
CaO  in  the  form  of  lime  water.     The  cost  would  approximate  65  cenfc^ 
a  day  for  precipitant.     The  precipitated  lime  and  iron  would  be  <^* 
some  value  to  paint  manufacturers. 

SPENT   PICKLING   LIQUOR. 

In  the  1,230  gallons  of  pickling  liquor  discarded  at  the  close  of  th^ 
day,  1,230  pounds  of  SO3  are  found,  representing  a  value  of  $14  it>- 
acid  used.  This  exists  chiefly  as  ferrous  sulphate,  some  ferric 
sulphate  and  about  2.5  per  cent  of  free  sulphuric  acid  being  alsc^ 
present. 

About  2,650  pounds  of  SO3,  or  nearly  two-thirds  (more  exactly > 
65.8  per  cent)  of  the  active  principle  in  the  acid  used,  is  lost  in  th^ 
pickling  tubs.  Although  a  part  of  this  passes  off  as  fumes,  it  is  pr^ 
sumed  that  nearly  all  this  loss  is  due  to  splashing  and  leakage  troi^ 
the  tubs  and  drainage  from  the  pickled  material,  and  that  most  of  tb^ 
Jost  pickling  liquor  passes  to  the  sewer  together  with  the  effluent  o^ 
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the  rinse  tubs.  The  spent  pickhng  Hquor  discarded  at  the  close  of 
each  working  day  is  at  the  present  time  passed  through  a  copperas- 
recovery  plant. 

COPPERAS  PLANT  AT  SHELBY. 

With  the  twofold  idea  of  preventing  the  discharge  of  the  liquor 
into  the  stream  and,  if  possible,  of  adding  to  the  economy  of  pickling 
operations,  a  plant  for  the  recovery  of  copperas  from  spent  pickle 
was  installed  during  August,  1904,  at  the  works  of  the  Shelby  Steel 
Tube  Company. 

This  plant  is  exceedingly  simple  in  construction  and  operation. 
The  spent  pickle  is  drained   by  gravity  into  a  lead-lined  wooden 
receiving  or  storage   tank  of  rectangular .  cross  section,   having   a 
capacity  of  about  6,000  gallons — sufficient  to  accommodate  the  spent 
pickle  from  four  days'  work.     From  the  storage  tank  the  liquor  is 
drawn  by  charges  into  an  evaporator  for  concentration.     The  evap- 
orator is  a  wooden  tub  of  rectangular  plan  and  trapezoidal  elevation 
having  a  capacity  of  a  little  more  than  2,000  gallons.     The  tub  is 
lined  with  one-eighth  inch  lead  and  heated  by  a  steam  coil.     It  is 
provided  with  a  wooden  hood  and  a  draft  for  carrying  off  the  vapor. 
A  much  more  economical  evaporator,  though  more  expensive  in  first 
cost,  could  be. used. 
*.         Iron  or  steel  turnings  are  introduced  into  the  evaporator  to  neu- 
I     tralize  the  free  acid  and  to  reduce  ferric  to  ferrous  sulphate.     The 
liquor  is  concentrated  to  about  45°  Baum6  (sp.  gr.  1.453;  Twaddell, 
^.6®)  and  then  drawn  off  into  wooden  crystallization  tubs.     These 
tubs  are  rectangular  in  cross  section  and  have  a  capacity  of  about 
675  gallons  each.     To  assist  in  the  crystallization  and  to  provide  a 
support  for  the  -crystals,  wooden  strips  are  hung  in  the  tubs.     The 
dependent  crystals  are  gathered,  drained,  and  barreled  for  shipping. 
The  mother  liquor,  together  with  the  more  impure  crystalline  cop- 
peras from  the  sides  and  bottom  of  the  tubs,  is  pumped  back  by  hand 
to  the  storage  tank  or  the  evaporator.     Occasionally  such  matter 
IS  discharged  into  the  stream  with  wash  water  from  the  tubs  to  dispose 
of  accumulated  impurities. 
^\  In  the  original  plant  three  crystallization  tubs  were  used,  but  three 

more  were  added  in  the  summer  of  1905,  making  six  in  all. 
'Analysis  of  the  crystals  produced  gave  the  following  results  in  per 
cent:  Acidity  asHjSO^,  0.2;  sulphuric  acid  as  SO3,  27.5;  iron  as  Fe, 
18.9.  This  approximates  the  formula  FeSO^.TlIjO  for  ferrous 
sulphate  crystals,  but  indicates  the  presence  of  small  amounts  of  ferric 
sulphate  and  free  acid. 

Average  figures  for  several  mouths  show  that  the  copperas  pro- 
duced is,  by  weight,  50  per  cent  of  the  acid  used  in  pickling.  For  the 
6,350  pounds  of  acid  used  (average  of  March  28  and  29),  therefore,  a 
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product  of  3,175  pounds  of  copperas  would  be  obtained,  having  a  con- 
tent of  875  pounds  SO3.  This  is  21.7  per  cent  of  the  SO,  in  the  acid 
used  for  picklin^^,  or  71.1  per  cent  of  the  SO3  in  the  spent  pickle. 

There  is  therefore  a  loss — presumably  taking  place  by  leakage  in 
the  evaporator,  storage  tank,  and  crystallization  tubs — of  8.8  per 
cent  of  the  active  principle  of  the  acid  used  for  pickling,  or  28.9  per 
cent  of  the  amount  of  such  principle  present  in  the  spent  pickle. 

Tlie  estimated  disposal  of  the  SO3,  assuming  an  average  daily  use  of 
5,000  pounds  of  acid,  may  be  summed  up  as  follows: 

Losses  and  recovery  of  sulphuric  acid  at  Shelby  Steel  Tube  Company. 


I    Pounds  per  day.    |  y^^^ 


-I- 


3.7 

185 

144 

$1.34 

CT).  8  : 

3,290 

2.566 

2a» 

&8 

440 

343 

att 

21.7  ' 

1,085 

847 

7.85 

Lofls  in  rinse  wator 

Loss  in  pickling  tubs 

Loss  in  copperas  plant I 

Roeoverecl  In  copperas 1 

Total '        100.0  5,000  I        3,900  |         36.17     I 

Original  estimates  on  cost  of  recovery  per  ton  of  product  were  as 
follows: 

Coal,  at  $2.25  per  ton $1.08 

Iron  turnings,  at  $13  per  ton ^ 8^ 

Barrels,  etc.,  for  shipping 1. 9^ 

Total 3.8^ 

It  is  thought  that  $2  will  more  neariy  approximate  the  actual  coS*' 
of  fuel  for  evaporation  with  the  Qvaporator  used,  although,  o\^ing  t^ 
the  complication  of  heating  arrangements,  no  exact  figures  are  obtaitx'' 
able. 

Acceptinf^  the  other  items  as  correct  and  adding  $1  per  ton  for  labo^ 
and  $0.50  per  ton  as  a  10  per  cent  annual  depreciation  upon  a  plaa* 
valued  at  $2,000,  we  have,  for  the  production  of  one  ton  of  copperas ^ 
the  following  figures: 

Average  value  of  copperas  (Twelfth  U.  S.  Census) $9. 6^ 

Fuel,  at  $2.25  per  ton $2. 00 

Iron  turnings,  at  $13  per  ton 89 

Miscellaneous  supplies 1. 90 

Depreciation 50 

Labor 1.00 

6.29 


Profit 3.35 

This  is  a  very  liberal  estimate  of  costs,  and  will,  without  doubt,  be 
sufficient  to  more  than  cover  the  actual  conditions  at  Shelby.  Were 
the  plant  arranged  to  save  the  liquor  now  lost  and  a  better  evaporator 
used,  a  much  better  showing  could  be  made.  It  must  be  considered 
that  the  advantageous  arrangement  of  the  plant  for  gravity  flow  con- 
tributes in  some  measure  to  the  low  cost  of  the  product.  Were  pump- 
ing required,  the  cost  would  not  in  any  case  be  more  than  $6.64  per 
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ton,  leaving  $3  per  ton  as  a  low  estimate  of  profit  under  extremely 
adverse  conditions. 

With  a  capital  of  $2,500  and  a  yearly  product  of  400  tons  of  cop- 
peras, the  foregoing  figures  would  show  an  annual  profit  of  $1,340,  or 
53.6  per  cent  upon  the  capital  invested.  The  margin  of  profit,  with 
the  present  price  of  copperas,  is  large  enough  to  permit  the  application 
of  the  method  to  any  plant  of  size  sufficient  to  create  a  nuisance  by 
stream  pollution. 

OTHER  PROCESSES  FOR  DISPOSAIi  OF  PICKT^IKG  lilQUOR. 

Several  other  processes  for  the  disposal  of  sulphuric-acid  pickle  have 
been  tried  experimentally  and  a  few  have  been  applied  on  a  commer- 
cial scale.  The  most  prominent  of  these  and  their  results  are  tabu- 
lated below: 

Process.  '  Result. 

Electrolytic  regeneration  of  acid Expensive. 

Recovery  of  basic  ferric  sulphate  and  acid  by  aeration Expensive. 

Recovery  of  "  sugar  copperas  " Practicable. 

Chemical  precipitation Expensive. 

So  far  as  known,  recovery  of  copperas  in  large  crystals  and  as '  *  sugar 
copperas*'  are  the  only  processes  that  will  pay  for  the  cost  of  disposal 
of  the  spent  pickle  from  sulphuric  acid. 

For  spent  pickle  from  hydrochloric  acid  containing  iron  chlorides  a 
cycle  of  regeneration  has  been  perfected  in  England  by  Thomas  Tur- 
ner. The  method  is  described  at  some  length  by  Naylor  in  Trades 
Waste,  pages  262-263.  In  brief,  the  pickle  is  fed  into  a  reverberating 
furnace;  iron  oxide  is  retained  and  hydrochloric  acid  passes  over  with 
the  fire  products  and  is  condensed  in  ordinary  muriatic  towers.  The 
cost  of  75  per  cent  acid  recovered  is  stated  at  about  $2.  In  this  coun- 
try it  would  doubtless  be  somewhat  higher. 

SUMMARY. 

The  investigations  at  Shelby,  Ohio,  have  brought  out  the  following 
points: 

1-  Stream  pollution  by  acid-iron  wastes  has  been  taking  place  at 
Shelby  for  about  fifteen  years,  to  the  annoyance  of  riparian  residents 
Mow  the  city  for  a  distance  of  12  miles.  Complaints  against  tliis 
polhition  (which  may  be  defined  as  the  entire  waste  of  pickling  liquors 
in  which  one  pound  of  60°  sulphuric  acid  is  used  to  each  175  gallons 
per  second  of  dry- weather  flow  in  the  stream)  culminated  in  1901  in  a 
series  of  suits  against  the  corporation  responsible  for  the  pollution, 
resulting  in  awards  of  damages  in  favor  of  residents  along  the  stream 
livinjr  from  3  to  7  miles  below  the  point  of  p()lluti(m. 

2.  Conditions  along  the  stream  were  greatly  bettered  by  the  pas- 
sage of  the  waste  through  the  city  sowage-purificjition  works  (con- 
sisting of  a  sludge  basin,  shallow  five-day  sedimentation  reservoirs, 
and  shallow  cinder  and  gravel  filters),  diluted  by  from  10  to  20  times 
its  volume  of  a  weak  domestic  sewage. 
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3.  The  effect  of  the  acid-iron  sewage  upon  the  sewage  purification 
plant  was  to  fill  basin  and  reservoirs  rapidly  and  thus  decrease  their 
efficiency,  to  destroy  the  working  value  of  the  filter  beds  in  a  compara- 
tively short  time,  and  to  increase  great  y  the  care  requisite  for  the 
proper  maintenance  of  the  plant.  Bacterial  action  was  seriously 
interfered  with,  the  action  of  the  early  processes  of  the  plant  upon 
organic  matter  was  diminished,  and  the  effluent  was  rendered  obnox- 
ious by  reason  of  a  high  content  of  iron  sulphate.  Odors  about  the 
plant  and  danger  from  pathogenic  bacteria  in  the  effluent  were 
decreased  by  the  acid-iron  character  of  the  sewage. 

4.  The  treatment  of  pickHng  waste  in  a  plant  for  the  production  of 
crystal  copperas,  one-fifth  of  the  acid  used  being  so  recovered,  reduces 
the  objectionable  features  of  the  sewage  by  about  60  per  cent,  and  is 
therefore  of  great  value  as  a  means  of  preventing  stream  pollution  by 
such  wastes. 

The  copperas-recovery  process  is  the  best  method  known  for  treat- 
ment of  sulphuric-acid  pickling  liquors,  is  attended  with  a  large  per 
cent  of  profit,  and  is  applicable  to  pickling  plants  of  all  sizes.  Such 
a  plant,  properly  arranged,  will  entirely  obviate  stream  pollution  by 
** waste  pickle.^' 

5.  Rinse  water  from  the  pickling  process,  not  including  leakage  and 
splashage  from  the  pickling  tubs,  can,  in  general,  be  discharged  into 
the  sewerage  system  of  a  town  or  into  a  stream  without  detrimental 
consequences,  but  it  will  produce  a  discoloration  of  the  water  unless 
the  dilution  is  very  great.  Although  such  waste  does  not  seriously 
affect  the  uses  of  a  stream,  it  may  be  rendered  entirely  unobjection- 
able at  a  trifling  cost  by  precipitation  wdth  lime  or  ammonia,  and  such 
treatment  is  advised. 

6.  Of  the  acid  used  in  pickling  at  Shelby,  only  21.7  per  cent  is  rexjoV* 
ered  in  the  copperas  product.  Of  the  remaining  7S  3  per  cent,  8.8  pet 
cent  is  lost  in  the  copperas  plant,  65.8  per  cent  is  lost  in  the  pickling 
process,  and  3.7  per  cent  passes  into  the  city  sewerage  system  as  rins^ 
winter.  Of  the  74.6  per  cent  not  definitely  accounted  for  by  the  offi^ 
cials  of  the  company,  a  part  passes  off  as  fumes  from  the  pickling  tubs  J 
some  is  known  to  be  discharged  directly  into  the  streams  aswashingd 
from  tubs,  and  the  remainder  apparently  enters  the  stream  direct  or 
by  way  of  the  sewers,  presumably  as  leakage. 

This  'Most''  acid  is  the  cause  of  the  present  pollution  at  Shelby.  By 
designing  the  plant  so  that  this  waste  may  be  recovered  as  copperas, 
stream  pollution  can  be  practically  obviated  and  the  economic  value 
of  the  plant  greatly  enhanced. 

7.  The  present  pollution  at  Shelby  makes  the  stream  waters  red  and 
turbid,  seriously  damages  them  for  general  use,  and  renders  them 
deleterious  to  fish  life  for  a  total  of  not  more  than  2  miles.  N*o  other 
damaging  effects  were  found  except  an  increase  in  the  permanent 
hardness  of  the  water,  by  which  it  becomes  less  suitable  for  boiler  and 
for  domestic  use. 
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DETERMINATION  OF  STREAM  FLOW 
DURING  THE  FROZEN  SEASON. 


Bv  H.  K.  Barrows  and  R.  E.  Horton. 


IMPOllTANCK  OF  WINTER  IIBC  ()RT>8  OF  STREAM  FT^OW. 

Estimates  of  the  flow  of  rivers  are  now  being  made  by  the  United 
States  Geological  Survey  in  all  parts  of  the  country.  To  a  great 
extent  the.se  are  based  on  daily  gage  readings  and  numerous  current- 
meter  measurements. 

In  the  northern  and  central  parts  of  the  United  vStates  the  streams 
may  be  closed  by  a  more  or  less  permanent  ice  cover  for  a  consider- 
able portion  of  the  year.  This  period  varies  from  nearly  five  months 
in  the  extreme  north  to  a  few  weeks  or  less  in  the  Central  and  Atlantic 
States. 

The  methods  in  use  for  estimating  flow  under  open-channel  condi- 
tions have  become  well  defined,  and  the  limits  of  accuracy  are  known 
to  be  reasonable.  On  the  other  hand,  the  laws  governing  the  flow 
of  rivers  that  are  frozen  over  have  been  but  little  investigated,  and 
niethods  for  estimating  the  flow  imder  such  conditions  have  not  been 
formulated.  Moreover,  in  winter  the  measurement  of  precipitation 
'8  more  difficult,  and  available  data  of  this  kind  are  nmch  less  accurate 
than  in  summer.  Finally,  there  is  not  even  an  approximate  relation 
between  the  snowfall  and  the  stream  flow,  so  that  the  failure  to  obtain 
^nter  records  of  flow  at  a  gaging  station  means  a  considerable  per- 
^ntage  of  uncertainty  as  to  the  total  run-off  as  well  as  to  its  distri- 
bution. 

In  the  Northern  States  droughts  are  apt  to  occur  in  the  late  sum- 
mer or  fall  and  during  the  winter.  At  times  this  conditi(m  of  drought 
^y  be  nearly  or  quite  continuous  between  these  two  periods,  with 
Its  culmination  in  January  or  February.  If  there  is  no  melting  of 
snow  during  the  winter,  the  inflow  to  streams  that  freeze  is  chiefly 
derived  from  springs,  ground  water,  and  lake  storage,  and  in  a  long, 
cold  winter,  especially  if  it  succeeds  a  period  of  low  water,  the  mini- 
nium  flow  for  the  year  may  be  reached  and  continue  for  some  time. 
Estimates  of  flow,  therefore,  to  be  of  conclusive  value  on  streams 
utilized  for  water  power,  must  embrace  these  winter  periods  of  low 
water. 
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METHOI>8  OF  GAOINC;  8TRKAM8  T>URIXG  TIIK  OPEX 

SEA80X. 

GENERAL  STATEMENT. 

The  methods  of  stream  cragin^  in  common  use  by  the  United  Stat 
Geological  Survey  contemplate  especially  the  determination  of  di 
charge  when  streams  are  free  from  ice  at  or  near  the  gaging  station 
One  object  of  the  present  paper  is  to  determine  what  modificatioi 
of  these  methods  are  necessary  to  secure  good  results  when  the  strear 
are  ice  covered.  With  this  in  view  a  brief  description  of  open-wat 
methods  is  given  below. 

In  general  a  record  of  the  fluctuations  in  stage  is  obtained  by  dai 
reading  a  gage  or  gages.  Various  methods  are  used  to  obtain  a  ra 
ing  of  the  streani  so  that  the  discharge  in  second-feet  can  be  determine 
from  the  gage  readings.  Three  principal  methods  of  rating  are 
use — (1)  the  weir  method,  in  which  a  weir  or  dam  is  used  and  the  flc 
is  computed  for  a  given  gage  height;  (2)  the  velocity  method, 
which  a  series  of  current-meter  or  float  gagings  are  made  at  a  givi 
cross  section  and  a  discharge  rating  curve  is  obtained  for  that  cro 
section;  (3)  the  slope  method,  in  which  observations  are  made  of  tl 
mean  cross  section  and  surface  slope  in  a  stretch  of  the  river,  and  tl 
velocity  is  computed  by  the  Chezy-Kutter  fornuila,  V  =  Cv/RS, 
suitable  value  being  assimied  for  the  coefficient  C. 

WEIR  METHOD. 

Weirs  of  standard  type  with  sharj)  crest  can  be  used  on  smt 
streams  only,  on  account  of  the  cost  of  installation  and  liability 
injury.  Where  practicable,  they  offer  the  best  facilities  for  dete 
mining  the  flow.  The  flow  at  dam  stations  is  usually  divided — pa 
going  over  the  dam,  part  through  the  wheels,  and  part  through  b; 
channels.  A  weir  formula  with  modified  coefficient  is  used  to  cor 
pute  the  flow  over  the  dam.  The  wheels  are  used  as  meters,  arecoi 
l)eing  kept  of  gate  openings,  head,  etc.  Flow  through  by-channe 
which  at  many  dams  occurs  only  at  intervals,  is  computed  by  the  u: 
of  weirs,  orifices,  etc.  The  sum  of  these  components  is  the  tot 
discharge  of  the  river  at  the  section.  The  general  methods  used  i 
stations  of  this  character  are  fully  described  in  Water-Supply  Pap 
No.  150. 

VELOCITY  METHOD. 

The  determination  of  the  rate  of  flow  past  a  certain  section  of 
stream  at  a  given  time  is  termed  a  '*  discharge  measurement.''  Th 
rate  is  the  product  of  two  factors — the  mean  velocity  and  the  area 
cross  section.  The  mean  velocity  is  a  function  of  surface  slop 
wetted  perimeter,  roughness  of  bed,  and  the  channel  conditions  a 
above,  and  below  the  gage  section.     In  this  method  it  is  assume 
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that  the  stream  bed  is  constant  in  form  and  position  and  that  the 
mean  velocity  at  any  given  stage  will  always  be  the  same.  There- 
fore a  rating  curve  may  be  obtained  by  plotting  the  rasults  of  a  suflBi- 
cient  number  of  discharge  measurements  at  different  stages.  In 
making  the  measurements  an  arbitrary  number  of  points,  known  as 
''measuring  points/'  are  laid  off  on  a  line  perpendicular  to  the  thread 
of  the  stream,  and  the  velocity  and  depth  are  observed.  These 
points  are  usually  at  regular  intervals  from  2  to  20  feet  apart,  depend- 
ing on  the  size  and  condition  of  the  stream.  The  current  meter  is 
commonly  used  for  obtaining  velocities,  although  in  a  few  cases  rod  or 
tube  floats  are  utilized  for  this  purpose.  The  area  is  thus  divided 
into  small  sections  in  which  the  velocity  is  observed  and  the  discharge 
computed,  and  the  sum  of  the  values  for  these  sections  gives  the  total 
area  and  discharge.  If  a  sufficient  number  of  discharge  measure- 
ments arc  made  at  different  stages,  a  rating  table  can  be  constructed 
that  will  show  the  discharge  at  any  stage  of  the  stream.  The  methods 
used  in  selecting  current-meter  stations  and  in  collecting  data  are 
hilly  described  in  Water-Supply  Papers  Nos.  94  and  95. 

SLOPE  METHOD. 

The  results  obtained  from  the  slope  method  are  in  general  only 
roughly  approximate,  owing  to  the  difficulty  in  obtaining  accurate 
data  and  the  uncertainty  of  the  value  to  be  used  for  n  in  Kutter's 
formula.  The  most  common  use  of  this  methofl  is  in  estimating  flood 
discharge  of  streams  when  the  only  data  available  are  the  cross  sec- 
t^ions,  the  surface  slope  as  shown  by  marks  along  the  bank,  and  a 
knowledge  of  the  general  conditions. 

Throughout  this  paper  velocities  are  expressed  in  feet  per  second, 
?^e  heights  in  feet,  and  the  volume  of  flow  of  streams  in  cubic  feet 
per  second,  or  second-feet. 

CON^DITIOXS    DURING    THE    WIT^TTER    HEA80N. 
FACTORS  AFFECTING  ICE  FORMATION. 

Rarely,  if  ever,  in  this  country  does  a  stream  of  any  size  freeze  over 
throughout  it^s  whole  length,  there  being  usually  short  stretches  that 
rernain  more  or  less  open.  Two  important  factors  govern  the  forma- 
tion of  ice  on  streams — (1)  the  climatic  or  general  temperature  con- 
ditions; (2)  the  size  and  character  of  the  stream  and  the  conditions 
affe<;ting  its  flow. 

In  California,  Washington,  and  Oregon,  and  south  of  latitude  37°, 
^th  the  exception  of  perhaps  a  portion  of  northern  New  Mexico  and 
-^zona  in  the  Rocky  Mountain  district,  the  rivers  do  not  in  general 
freeee  over  sufficiently  to  affect  records  of  flow  or  to  occasion  any 
change  in  methods  from  those  of  the  open  season. 
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In  the  most  general  sense,  the  character  of  the  bed  and  banks  of  a 
stream  depends  on  its  slope  and  the  materials  over  which  it  flows. 
A  stream  will  not  freeze  over  unless  the  water  has  a  temperature  as 
low  as  32*^  F.  and  is  comparatively  still.  If  the  water  is  greatly  agi- 
tated, needle  ice  will  be  formed  instead  of  an  ice  cover.  This  ten- 
dency to  form  needle  ice  always  exists  at  rapids,  particularly  if  the 
stream  bed  is  very  rough.  If  the  cold  is  extreme  and  long  continued 
even  such  places  may  eventually  bex^ome  frozen — the  freezing  start- 
ing at  the  water's  edge  or  around  rocks  and  piers,  where  the  velocity 
is  lower,  and  extending  toward  the  center  of  the  stream.  The  result, 
however,  is  not  in  any  case  a  smooth  ice  cover,  but  a  piling  up  of  very 
rough  or  "  honeycombed ''  ice  which  may  be  partly  supported  by  rocks. 

Where  dams  have  been  constructed  there  is  usually  above  the  dam 
more  or  less  pondage  and  a  great  diminution  in  velocity,  so  that  such 
portions  of  a  river  freeze  over  very  readily.  Below  the  dam  quick 
water  is  frequently  left,  and  conditions  may  be  the  same  as  at  rapids. 

Any  special  conditions  tending  to  raise  the  temperature  of  the  water 
may  have  a  marked  effect  on  the  time  or  manner  of  freezing  over  of  a 
portion  .of  a  stream.     Near  the  outlets  of  lakes  or  in  streams  fed  by 
springs  or  ground  water  there  may  be  a  sufficient  inflow  of  water 
liaving  a  temperature  considerably  above  32*^  F.  to  prevent  whoUy  or 
cX  least  for  some  time  the  formation  of  an  ice  cover.     Such  condi-' 
tions  are  also  potent  in  assisting  the  rapid  wearing  away  of  the  under 
surface  of  the  ice  and,  in  general,  they  result  in  very  unstable  condi" 
Lions  as  regards  ice  cover.     The  temperature  of  springs  is  ordinaril^^ 
about  equal  to  the  average  annual  temperature  of  the  locality,  whicJ^ 
is  for  the  Northern  States  40*'  to  50^  F. 

CLASSIFICATION  OF  WINTER  CONDITIONS. 

It  is  evident  that  streams  of  any  considerable  length  can  not  bc^ 
classified  as  a  whole  with  regard  to  ice  formation  or  winter  condi--^ 
tions,  for  the  reason  that  very  diverse  conditions  may  occur  at  differ^- 
ent  parts  of  the  same  stream.  The  conditions  on  short  stretches  of^ 
streams,  and  particularly  on  such  stretches  as  need  to  be  considered 
in  selecting  current-meter  stations,  may  be  classified  as  fellows: 

Classification  ofvinter  conditions  at  currmi-mettr  stations. 

(1)  Smooth,  permanent  ice  cover. 

(2)  Tendency  for  anchor  or  needle  ive  to  acrumulatt*  underneath  ire  cover. 

(3)  Unstable  ice  cover,  due  to — 

(o)  Eflfect  of  warmer  inflow  from  lakes  or  tributary  streams. 

(ft)  Effect  of  inflow  of  ground  water. 

(c)  Effect  of  warm  currents  due  to  artificial  causes,  such  as  factory  waste,  etc. 

(rf)  Concentrated  quick  water  and  wearing  away  due  to  friction. 

(e)  Considerable  fluctuation  in  stage  ocxrasioned  by  winter  freshets. 

(4)  Rough  ic*  cover  and  piling  up  of  ice  due  to  quick  water  and  rough  bed. 
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(5)  Tendency  for  ice  jams  to  occur,  with  consequent  backwat<T,  etc. 

(6)  Streams  that  remain  open  altogether  or  freeze  over  thinly  for  short  times,  owing  to— 

(d)  Ektre^nes  of  conditions  as  noted  under  (3). 

(6)  High  temperature,  mainly  in  the  southern  portion  of  the  area,  subject  to 
ice  conditions  in  winter. 

The  above  classification  is  intended  for  the  ordinary  winter.  The 
winter  of  1904-5  was  much  colder  than  the  average,  and  many 
streams  remained  frozen  over  in  places  where  ordinarily  there  would 
not  be  permanent  ice.  On  the  other  hand,  the  winter  of  1905-6 
was  remarkably  mild,  and  ice  was  carried  away  by  freshets  at  many 
jwints  where  this  very  rarely  happens.  A  gaging  station,  then,  can 
be  only  approximately  fixed  in  any  of  the  above  classes. 

The  following  tables  sunmiarize  the  winter  conditions  at  179  cur- 
rent-meter stations  and  25  dam  stations: 

Summary  ofmnier  eondilions  at  current  meter  stations. 


Claaa. 


(1)  Smooth,  permanent  Ice  cover 

(2)  Tendency  for  anchor  and  needle  io(*  to  accumulate 

(3)  UnsUUp  ice  cover , 

(4)  Roarii  Ice  cover  and  piling  up 

(5)  Ttodfeney  for  Ice  Jama 

(«)  Remain  open 


Nfiw  Eng- 
land. 


38 


New  York 
and  lower 
Michigan. 

II 
5 
3 
3 
1 

10 


Atlantic 
States. 


Central 
States. 


(«) 


35 

g 


33  , 


57  1 


«  Not  n^ported  In  detail. 

Of  the  179  stations  considered  29  remain  unfrozen  thruout  the 
winter,  and  at  these  stream  flow  can  be  estimated  in  the  same  manner 
as  during  the  open  season.  Smooth,  permanent  ice  cover  is  found  at 
"0  stations.  The  remaining  80  stations  have  miscellaneous  conditions, 
all  of  which  are  probably  unfavorable  for  estimating  winter  flow. 

Summary  ofimnter  conditions  at  stations  at  dams. 

^i^xxi conditions  for  estimates,  crest  unobstructed,  ice  cut  away,  <»r  water  mostly  used 

by  wheels '. 1.3 

Poor  conditions  for  estimates,  crest  seriously  olwtnicted 12 


DURATION  OF  ICE  SEASON. 


2r> 


The  following  table  gives  the  usual  duration  of  ice  cover  in  different 
areas  where  the  streams  freeze  during  the  winter. 

Duration  of  ice  cover ^  by  areas. 


Locality. 


J^rthmi  Maine 

WN>wEnpland 

North  baiotaV.' ;.'.'.' 


Date  of  closing  in. 


Date  of  broaking  up. 


November  IS-.W March  15-April  If) 

Decejnber  1-ao March  1-15 

December  15-January  1  . .  February  15-Marrh  15. 

December  1-15 March  15-31 

January  1-15 March  1-15 

December  15-January  15.  -  February  15-March  1 . . 

November  16-30 March  15-31 


I       Time 
frozen. 

'    'Month*. 

.'  3f^ 

2  -3J 

13 


10 


STREAM    FLOW    DURING   THE   FROZEN    8EA80N. 


A  lar^c  amount  of  information  relating  to  the  duration  of  the  ice 
season,  especially  with  regard  to  lakes  and  navigable  streams,  wa^ 
published  in  the  report  of  the  United  States  Deep  Waterways  Com- 
mission.'* A  few  of  the  results  for  rivers  there  given  are  compiled  in 
the  following  table: 

Duraiion  of  ice  cw^er  on  northern  streams. 


Rivor. 


Locality. 


Connecticut Hartford,  Conn 

Do ,  Tumors  Falls,  Mass.. 

Hudson 1  Albany.  N.  Y 

Illinois Pwrla.  Ill 

Morrlmac Amoskca?,  N.  H 

Mississippi Davenport,  Iowa 

Do St.  Louis.  Mo 

Missouri Bismarck,  N.  Dak 

Do Fort  Buford.N.  Dak. 

Ohio Cincinnati.  Ohio 


T     ^v  I  AvcragR  dat^  of—  '  „. 
licngth  I      _  _       _        Time 

ofrtxjord.  Closing.  I  Opening.;  <^»<>*^- 


Yrars. 
42 
12 
87 
53 
18 
25 
31 
24 
15 
39 


Dayi. 

Doc.   12 

Mar.  12 

90 

Dec.     9 

Mar.  16 

97 

Doc.   15 

Mar.  20 

95 

Doc.   17 

Feb.  21 

66 

Nov.  28 

Mar.  19 

111 

Dec.   12 

Mar.  19 

97 

Dec.   19 

Jan.  20 

32 

Nov.  25 

Mar.  31 

12R 

Nov.  15 

Apr.  13 

151 

Jan.   15 

Jan.  25 

10 

CHANGE  IN  THICKNESS  OF  ICE. 

After  a  stream  becomes  frozen  over,  the  thickness  of  the  ice  usually 
increases  rapidly,  reaching  a  maximum  generally  by  midwinter  and 
then  remaining  nearly  constant  until  shortly  before  the  open-water 
season  begins.     As  a  rule  there  is  some  melting  and  thinning  of  the  ic^ 
before  it  goes  out,  but  a  heavy  early  spring  freshet  may  carry  out  ic© 
at  its  maximum  thickness. 

The  following  table  shows  the  ice  thickness  at  intervals  through  tt>-^ 
winter  at  two  fairly  typical  gaging  stations. 

Thickness  of  ice  on  Connecticut  Rit^r  at  Oiford,  N.  11.,  and  Esopus  Creek  at  Kingston^N.    -^ 


I 


Dato. 


Connocticut  Rlvrr  at 
Orford.  N.  U. 


Esopus  Creek  at  Kings- 
ton, N.  Y. 


XovcmlHT  IT). 
DitH-mlK^r  1. . 

DeOtMIllMT  1'). 

January  1 . . . 
January  I'j. . 
Fobniary  1 . . 
F<»l)niary  !."». 
March  K ... . 

March  lo 

March  .W 


liKXM. 


Fret. 


1.7 

1.9 
2.  1 
'  2. 
0 


1004-; 


Feet. 


1.3, 
l.T)  ! 
1.7  '' 

2.1  I 

2.2  I 
2.  1 

0 


19ttV6.  I 


Feet. 


0 
0 

0*       , 

1.  ir. 

1.1 

0 


1903-1. 

1904->'>. 

Feet. 

Fe^t. 

0 

0 

0 

.4 

.5 

.65 

.95 

.« 

1.1 

1.25 

1.25 

1.5 

1.25 

1.6 

.« 

.7 

oO 

aO 

1 

1905-^^ 


Feer  — 


aO 


«  March  .'il. 
SURFACE,  ANCHOR,  AND  NEEDLE  ICE. 

The  three  following  forms  of  i(!e  occur  in  streams  and  each  of  theiC^ 
affects  the  flow  in  a  different  way:  (1)  Cake,  border,  or  surface  ice^ 
(2)  needle  ice,  or  "frazil,^'  so  called  from  the  French  word  signifying^ 


a  Hou8<»  Doc.  192,  54th  Cong.,  2fl  n»>sh. 
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"forge  cinders/'  which  arc  sugo:ested  l)y  its  dull,  slushy  appearance; 
(3)  anchor  ice,  which  closely  resembles  needle  ice,  but  which  is  formed 
in  a  diCFerent  manner. 

Surface  ice  is  formed  when  the  temperature  of  a  quiet  body  of  water 
becomes  32°  F.  As  the  maximum  density  of  water  occurs  at  39.1°, 
the  temperature  of  a  quiet  body  of  water  that  is  cooled  from  the  sur- 
face will  gradually  increase  from  the  surface  downward  after  a  general 
water  temperature  of  39.1°  has  been  reached.  Surface  ice  probably 
always  begins  to  form  at  the  shore  or  at  the  borders  of  solid  objects 
and  is  extended  by  spicules  shooting  out  and  forming  a  network,  the 
process  being  analogous  to  the  growth  of  crj^stals  in  a  saturated  solu- 
tion except  that  ice  is  formed  at  the  surface  only.  The  surface  layer 
of  ice  gradually  increases  in  thickness  and  continues  to  grow  as  long 
as  the  air  temperature  is  below  32°  F.  The  rate  of  such  increase 
varies  with  the  temperature  and  other  atmospheric  ccmditions  afFect- 
inj,'  heat  radiation.  The  thickness  of  the  ice  layer  increases  in  nearly 
direct  proportion  to  the  square  root  of  the  time.  Surface  ice  also  forms 
over  smooth-flowing  water,  but  as  the  velocity  and  roughness  of  the 
current  are  increased  a  condition  is  soon  reached  where  the  projecting 
ice  needles  are  broken  off  as  fast  as  they  are  foremd. 

It  is  obvious  that  the  surface  temperature  of  a  stream  passing  over 
rapids  where  surface  ice  can  not  form  would  often  fall  below  32°  F. 
if  a  portion  of  the  water  were  not  converted  into  ice  in  some  manner 
and  enough  latent  heat  released  to  maintain  the  temperature  con- 
stantly at  32°.  It  is  well  known  that  perfectly  quiet  water  can  be 
cooled  below  32°  F.  without  the  formation  of  ice,  apparently  because 
the  necessary  nuclei  and  other  conditions  to  start  ice  formation  are 
not  present.  If,  however,  the  slightest  motion  occurs,  the  water 
wiolecules  are  enabled  to  assume  the  arrangement  necessary^  to  crys- 
talhzation  and  the  water  becomes  filled  with  ice  spicules. 

Elaborate  experiments  by  Prof.  Howard  T.  Barnes  by  means  of  an 
^l^trical-resistance  thcrmo2leter  indicate  that  flowing  water  in  a 
stream  can  not  be  cooled  more  than  (me  one-hundredth  of  a  degree 
Wow  the  freezing  temperature  without  the  formation  of  ice.  The 
'ce  spicules  that  form  in  agitated  water  vary^  in  character  with  the 
variations  in  the  rate  of  their  formation.  Elongated  needles,  cubical 
^O'stals,  and  broad,  thin  plates  have  been  observed  under  difFeront 
conditions.  .Apparently  the  stream  may  be  filled  with  needle  ice 
formed  in  the  manner  described  without  the  flow  being  affected  in  arty 
considerable  degree.  If,  however,  the  needle  ice  is  carried  underneath 
the  layer  of  surface  ice,  it  forms  an  effective  obstruction. 

Observations  in  St.  LawTence  River  indicate  that  masses  of  needle 
^ce  may  travel  under  the  surface  ice  for  several  miles.  There  is 
undoubtedly  some  flow  through  these  masses,  but  the  velocity  is  very 
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slight.  It  has  not  been  found  possible  to  measure  the  flow  througl; 
ice  with  the  current  meter.  The  existence  of  flow  is,  however, 
cated  by  the  presence  of  impurities  in  the  ice.  A  striking  illusti 
of  this  flow  is  also  given  in  fig.  1,  which  shows  two  cross  sectic 
Chemung  River.  At  the  upper  section  the  channel  undemeat 
surface  ice  was  almost  completely  blocked  by  needle  ice,  while  b 
lower  section,  200  feet  downstream,  there  was  but  little  needL 


DISTANCE    FROM    INITIAL  POINT 

HXt  JM  1^  J6Q 


iQO  ito  140         qeo 

DISTANCE    FROM    INITIAL  POINT 


Kio.  1.— Cross  sot^ions  of  Chemung  River  at  Chemung,  N.  Y.,  showing  effect  of  nee<lle  it 

yet  the  observed  velocities  at  the  lower  section  were  so  great 
indicate  that  considerable  flow  through  the  masses  of  needle  ice 
have  taken  place. 

Gage  readings  or  attempts  to  estimate  the  winter  flow  of  sti 
at  cross  sections  affected  by  needle  ice  are  apparently  wort 
Although  the  general  features  of  ice  formation  in  a  given  locality  Vk 
the  same  from  year  to  year,  a  consideration  of  the  conditions  of  n( 
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ice  formation  shows  that  the  differences  will  be  sufficient  to  produce 
in  effect  a  constantly  changing  regimen.  The  formation  of  needle  ice, 
like  that  of  surface  or  anchor  ice,  is  due  chiefly  to  radiation  of  heat 
from  the  water  mass.  Needle  ice  never  forms  underneath  surface  ice 
and  is  most  frequently  formed  on  cold,  clear  nights,  when  the  heat 
lost  by  radiation  is  most  greatly  in  excess  of  that  received  at  the 
earth's  surface.  Professor  Barnes  states  that  the  margin  between  the 
disintegration  and  the  formation  of  the  ice  is  exceedingly  narrow, 
amounting  to  only  a  few  thousandths  of  a  degree  change  of  tempera- 
ture, the  radiation  and  the  absorption  of  the  sun's  rays  by  water  being 
controlling  factors. 

Snow  falling  on  the  surface  of  a  stream  becomes  water-logged  and 
forms  a  slush  resembling  floating  needle  ice.  Snow  crystals  probably 
often  form  the  nucleus  of  masses  of  needle  ice,  but  the  presence  of 
snow  is  not  an  essential  or  important  condition  for  the  occurrence  of 
such  ice,  as  is  sometimes  supposed. 

Anchor  ice  is  sometimes  formed  when  stones  or  other  objects  in  a 
stream  are  cooled  by  radiation  to  32®  F.  It  is  a  crystalline  growth 
similar  to  needle  ice  and  having  the  same  density.  It  remains 
attached  to  the  objects  upon  which  it  is  formed  as  long  as  their  sur- 
faoe  temperature  is  below  32°.  Like  needle  ice,  it  forms  most  readily 
vi^hen  the  difference  between  radiation  and  absorption  is  a  maximum. 
A^pparently  it  never  forms  underneath  surface  ice;  but  whenever  the 
relative  loss  by  radiation  is  decreased,  as,  for  instance,  on  a  cloudy 
^^3%  it  may  become  detached  and  rise  to  the  surface,  carrying  with  it 
stones  or  other  objects.  It  affects  the  regimen  of  streams  chiefly  by 
forming  obstructions  in  portions  of  the  channels  that  do  not  freeze 
o^^er,  thereby  causing  back  water,  or  by  rising  and  floating  under- 
'^^Hth  the  surface  ice,  as  needle  ice  often  does.  Anchor  ice  does  not 
^^clinarily  form  in  streams  with  earth  beds  and  apparently  forms  more 
^^t^nsively  on  dark-colored  rocks,  radiation  from  dark  objects  being 
S^'eater  than  from  light  ones.  ^ 

RANGE   OF   WINTER   GAGE   HEIGHTS. 

Data  regarding  extremes  of  winter  gage  heights  are  given  in  con- 
^^^tion  with  station  descriptions  (pp.  26-38).  In  general,  winter 
freshets  are  uncommon  in  the  northern  portion  of  the  area,  in  which 
the  streams  freeze  and  the  range  in  stage  is  small,  but  the  liability  of- 
tneir  occurrence  increases  rapidly  to  the  south.  They  are,  however, 
usuaDy  not  of  long  duration,  and  are  not  serious  factors  in  wanter 

■Kept.  Commission  of  Engineers  on  Floods,  Montreal,  1890.  Henshaw,  Geo.  IT.  Frazil  ice:  Trans. 
Canadian  Soc.  Civil  Eng.  vol.  1,  pp.  \-Zi.  Barnes.  Howard  T  .  Fonnation  and  agglomeration  of  frazU 
and  anchor  ice:  Canadian  Engineer,  May.  1W7.  pp.  6-10;  Formation  of  anchor  ioc  and  precise  tempera- 
ture measurement.^:  Trans.  Am.  Soo.  Mech.  Eng..  VMi'S.  llorton.  U.  K..  Anchor  ice  and  frazi  :  Paper 
Trade  Journal,  Oeceml)er24,  liKW. 
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ostiinatos  luiloss  they  are  of  sufficient  size  to  cause  the  ice  to  break  up 
and  ^o  out  more  or  loss  completely,  when  the  conditions  of  flow  may 
beconu*  entirely  changed,  ^s  a  rule  the  regimen  of  flow  changes  less 
in  winter  than  during  the  open  season. 

FLOW   OF  STUFiAMS    TXllKIl  ICK  C^OVKR. 

GENERAL   CONSIDERATIONS. 

In  the  (1i(»zv  fornuilas 

Q^AV 

C  is  the  coefficient  d(»pendent  on  the  physical  character  of  the 
st  ream  bed  and  th(»  hydraulic  radius.  The  physical  character  enters 
intt)  the  determinatiim  of  C  in  the  form  of  ti  coefficient  of  roughness. 
//.  Th(»  Halation  of  n,  K,  and  C\  as  deduced  by  Kutti?T,  is  as  follows 
(for  English  units) : 

,,  ,.  .      l.Sll     ().0()2S1 


t      /  I,  ....     0.002S1\   n 


It  will  be  s(»en  that  for  a  tjjivcMi  slope  and  hydraidic  radius  the  med^ 
velocity  of  a  st  ream  is  nearly  proi)ortional  to  1  ^  // ;  that  is,  the  velocity 
is  inversely  |)roport  it)nal  to  the  rou^jluKvss  t)f  the  stream  bed.     Tl^® 
(Miczy  and  Kutter  fonnulas  are  empirical  and  in  their  applicatic^^ 
values  of  //  determincnl  from  pn^vious  experiments  are  selected  t^^ 
judpuent. 

FRICTION  DUE  TO  AIR  AND  ICE. 

If  V,  K,  and  S  are  j^iven,  the  value  of  n  nuiy  be  calculated  from  tli^^ 
Kutter  fornmla.     In  such  calculations  for  open-channel  condition^ 
the  hydraulic  radius  is  taken  as  the  rat  it)  of  area  of  cross  section  to  th^ 
w(»tt(Ml  perimeter,  not  including  the  surface  in  contact  \Wth  the  air. 
It  is  probably  true,  however,  that  the  mean  velocity  of  a  stream  is 
usually  less  than  it  would  ho  if  tluTC  was  no  friction  between  water 
and  air. 

If  the  air-contact  surface  is  rej)laced  by  a  film  of  ice,  then,  in  making 
a  calculation  of  C  or  of  the  velocity,  the  entire  wetted  perimeter, 
includuig  that  portion  of  the  boundary'  of  the  stream  secticm  in  con- 
tact with  ice,  would  naturally  be  included  in  calculating  the  hydrauhc 
radius. 

If  the  value  of  n  is  derived  by  considering  the  wetted  i)erimeter  as 
including  the  air  and  ice  contacts  as  well  as  those  of  bed  and  banks, 
and  if  the  frictional  resistance  of  the  water-ice  ccmtact  is  greater  than 
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the  frictional  resistance  of  the  water-air  contact,  then  n  will  have  a 
correspondingly  greater  value  for  conditions  of  ice  cover  than  for 
those  of  open  channel.  In  other  words,  the  ice  cover  increases  total 
friction  by  an  amount  representing  the  difference  between  air  and  ice 
resistance  and  not  by  an  amount  representing  the  total  ice  friction. 
The  ordinary  friction  of  a  stream  bed  may  be  considered  as  made 
up  of  two  parts — (1)  skin  friction  and  (2)  internal  motion. 

In  most  instances  a  film  of  water  adheres  to  the  surface  of  solid 
objects  over  which  the  water  flows,  and  the  skin  friction  between  the 
water  and  these  objects  is  essentially  the  same  as  that  between  two 
fluid  surfaces.  It  is  measured  by  the  viscosity  of  the  liquid,  the 
energy  absorbed  probably  being  for  the  most  part  converted  into 
heat. 

If  the  stream  bed  is  rough,  the  impact  of  the  water  creates  swirls  or 
eddies,  in  which  a  portion  of  the  energy  is  converted  into  internal  or 
vortex  motion  not  useful  in  causing  forward  motion. 

So  far  as  known,  no  experiments  have  been  made  relative  to  the 
skin  friction  of  a  smooth  ice  surface.  It  may  be  assumed,  however, 
to  be  about  the  same  as  for  a  smooth  glass  or  planed-wood  surface, 
especially  the  latter.  A  layer  of  water  adheres  to  such  a  surface  or  is 
entrapped  by  the  capillaries,  so  that  the  friction  surface  is  essentially 
a  layer  of  liquid  particles,  the  conditions  thus  closely  resembling 
those  where  water  at  32°  F.  is  in  contact  with  ice. 

The  value  for  glass  or  planed-wood  surfaces  of  n  in  Kutter's  formula 
is  given  by  various  authorities  as  about  0.009,  or  from  one-fourth  to 
oue-third  the  resistance  due  to  an  ordinary  stream  bed.  \\^ien  the 
under  ice  surface  is  rough,  broken,  tilted,  or  honeycombed,  its  impact 
^sistance  may  become  of  the  same  or  even  greater  relative  inipor- 
^^nce  than  that  of  an  earth  or  rock  surface.  It  is  presumable  that 
cases  are  rare  where  the  under  surface  of  the  ice  cover  is  so  free  from 
irregularities  as  to  give  a  value  of  n  as  low  as  those  applying  to  glass 
^^  planed  wood. 

Occasionally  a  layer  of  needle  ice  of  varying  thickness  floats  under 
^^  accumulates  on  the  lower  surface  of  the  ice  cover.  Such  ice  not 
o^ly  obstructs  the  flow  through  the  portion  of  the  cross  section 
^^cupied,  but  also  greatly  increases  the  friction  as  compared  with 
that  of  a  smooth  ice  surface. 

RELATIVE   IMPORTANCE   OF   AIR   AND    ICE   FRICTION. 

As  already  pointed  out,  the  actual  increase  in  friction  duo  to  an  ice 
cover  is  the  difference  between  the  ice  friction  and  the  air  friction  prc- 
^^ous  to  the  formation  of  the  ice  rovor.  0\vin<]:  to  the  divergent 
opinions  entertained  as  to  tlie  niajrnitudo  of  air  friction,  it  has  been 
thought  well  to  discuss  the  niatt(T  souiowhat  at  i(»n<i:th. 
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In  the  Chezy  formula  and  in  most  other  similar  slope  formulas  it 
is  assumed  that  all  the  resistance  to  the  motion  of  the  water  proceeds 
from  the  stream  bed.  Humphreys  and  Abbot"  found,  however, 
that  the  position  of  the  point  of  maximum  velocity  in  vertical  velocity 
curves  on  Mississippi  River  was  controlled  by  the  direction  and  velo<5- 
ity  of  the  wind.     They  give  the  foUowing  expression: 

d=(0.317+0.06/)  D 

In  this  fornmla  D= depth  in  feet;  d= depth  of  point  of  maximuinn 
veh>city;/=  relative  wind  velocity  on  a  scale  such  that  a  calm=-  O 
and  a  hurricane=10. 

In  deriving  a  formula  for  the  mean  velocity  of  streams  in  terms  c^^ 
th(»  slope  and  hydrauUc  radius,  Humphreys  and  Abbot  assumed  tha-  ^ 
the  frictional  resistance  between  the  water  and  air  contact  surfac^^ 
was  similar  in  nature  and  magnitude  to  the  bed  resistance.  In  theL^ 
formula,  accordingly,  the  hydraulic  radius  is  expressed  as  follows: 

In  this  formula  A  =  area  of  cross  section,  P  =  wetted  perimeter  in::^ 
earth,  W  =  width  of  surface. 

In  discussing  the  results  of  Humphreys  and  Abbot's  investigations^ 
the  late  James  B.  Francis  made  the  following  clear  statement  as  to  thc^' 
effect  of  air  friction :  ^ 

When  the  air  in  contact  witli  the  surface  of  the  water  flowing  in  an  open  channel  is  moving 
in  tlie  same  diroc^tion  and  with  the  same  velocity  as  the  surface  of  the  water,  it  is  clear  that 
it  can  have  no  elFect  on  the  motion  of  the  water;  but  sucli  exact  conformity  in  the  motion  of 
the  air  and  water  is  uncommon;  ordinarily  the  air  has  some  motion  relatively  to  that  of  the 
water  and  either  retards  or  accelerates  the  velocity  of  the  surface.  That  the  air  may  pro- 
duce a  material  effect  on  the  scale  of  velocities  is  apparent  from  the  following  (tonsidera- 
tioiLs. 

Let  us  suppose  the  surface  of  the  water  to  move,  relatively  to  the  air,  with  the  same 
velocity  that  the  water  at  the  lH)ttom  moves  relatively  to  the  bed;  also  that  the  inequalities 
of  the  surface  of  the  water  caus4*d  by  the  action  of  the  air  and  those  in  the  bed  of  the  stream 
are  alike;  and  suppose,  also,  that  a  sheet  of  water  of  uniform  thickness,  in  contact  with  the 
l)ed,  is  at  rest;  we  shall  then  have  the  water  near  the  l)ottom  moving  over  a  bed  of  water 
and  the  water  at  the  surface  moving  under  a  bed  of  air,  and  as  both  beds  have  the  same 
inequalities,  they  will  cause  the  same  retardation  in  the  velocity  of  the  water,  except  as 
thesi*  l)eds,  from  the  nature  of  the  substances  of  which  they  are  composed,  offer  more  or 
less  resistance.  These  resistances  will  be  of  the  same  nature  as  is  experienced  by  a  body 
moving  in  a  resisting  medium.  Acx'ording  to  well-kno^-n  principles,  the  retardation  in 
this  case  is  as  the  square  of  the  velocity  of  the  moving  body  relatively  to  that  of  the  medium 
and  as  the  density  of  the  medium.  The  density  of  the  air  is  about  yj^  of  that  of  water;  a 
lK)dy  moving  through  the  air  with  the  same  velocity  will  therefore  be  retarded  i^  as 
much  as  if  it  moved  through  water. 

The  above  conclusions  are  confirmed  by  a  comparison  of  the  coef- 
ficients tliat  have  been  determined  experimentally  for  use  in  comput- 

o  Physios  and  Hydraulics  of  Mississippi  River,  p.  305, 
t>  Lowell  Hydraulic  Experiments,  pp.  l.'iS-l.W. 
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;  of  pressure  occasioned  by  the  flowing  of  air  and  water  through 
the  form  of  expression  adopted  by  Weisbaeh  being  used : 


/>=/ 


/ 
d'lg 


lis  formula  />-=loss  of  pressure  in  pounds  per  square  inch;  /  = 

of  pipe  ill  feet;  rZ=  diameter  of  pipe  in  inches;  r  =  niean  veloc- 

eet  per  second;  ^/'=  coefficient  of  resistance  to  flow. 

^h  average  values  of  the  coefficient./*  according  to  Weisbach^s 

nents,   may   be   taken   as   follows:  For  air,  /-=  0.000160;  for 

/=  0.104,  the  relative  friction  loss  for  water  being  650  times 

r  air. 

ems  probable,  then,  that  with  still  air  the  frictional  effect  of  air 

er  surface  is  but  a  small  percentage  of  that  due  to  stream  bed, 

l\\  with  a  strong  wind  upstream  the  retardation  of  the  filaments 

?r  near  the  surface  mav  be  considerable. 


VARIATION  IN  SLOPE  DUE  TO  FREEZING. 

u  ordinary  stream  is  made  up  of  smooth-water  n»aches  sepa- 
)y  more  or  less  pronounced  rapids,  and  as  the  swiftest  por- 
f  a  stream  freeze  least  readily,  the  freezing  of  a  stream  will 


Fio.  2.— KflFot't  of  frtrzing  on  a  smooth  s«rtioii  of  a  riviT  torrainatpU  !>>'  rapuls. 

the  following  conditions:  (  1)  There  will  be  an  increase  in  the 
iction  due  to  replacing  tin*  water-air  contact  surface*  by  water- 
tact  surface;  (2)  if  the  discharge  remains  tli(»  same,  it  follows 
ith  increased  friction  (»itlier  the  slope  or  the  cross-sectional  area 
icrease. 

long,  uniform  channel,  frozen  throughout,  there  can  be  but  little 
ncrease  in  slope ;  but  in  sliort  reaches  sc^parated  by  open  wat(T, 
5  those  where  gaging  stations  are  eonunonly  located,  an  appre- 
local  increase  in  slope  due  to  I'nM'zing  may  (*asily  (.x'cur,  as 
in  fig.  2.     As  a  result  of   freezing  of   the  smooth-water  reach 

R  187-07 2 
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M  N  there  is  a  tendency  for  the  stage  to  be  raised,  as  shown  by  the 
dotted  Une,  and  the  upper  stret^'h  of  quick  water  above  N  may  be 
partly  submerged  by  backwater.  If  the  discharge  remains  the  same 
the  depth  of  open  water  at  M  will  not  be  increased  unless  there  is 
backwater  here  due  to  ice  cover  below  this  point.  If  the  depth  at  M 
is  not  increased,  the  fall  of  the  wat^r  surface  between  N  and  M  will 
have  been  increased.  There  is  no  actual  increase  in  slope,  except  in 
the  vicinity  of  M,  and  the  ice  surface  adjusts  itself  parallel  to  the 
channel  bed,  as  in  the  case  of  flow  in  an  open  channel,  but  the  eflFective 
fall  from  N  to  M  is  of  course  increased. 

CHANGE  IN  AREA  OF  WATERWAY  REQUIRED  BY  FREEZING. 

The  conditions  that  occur  when  a  broad  river  becomes  covered 
with  a  uniform  ice  surface  are  illustrated  by  the  following  example: 
Consider  a  rectangular  channel  in  which  the  width  B  D  is  many  times 
the  depth,  so  that  the  wetted  j)erimeter  may  be  taken  as  approxi- 
mately e([ual  to  the  A\ddth.     Neglecting  the  air  friction,  call  the  coef- 
ficient  of  roughness  applying  to  the  channel  n^     Consider  also  thft^ 
the  cover  E  F  may  be  brought  just  in  contact  with  the  stream  surface » 
the  coeflicient  of  roughness  for  this  ice  cover  being  ;i,.     The  slope  ai*^ 
discharge  being  assumed  to  remain  constant,  the  eflFect  of  cover  O^ 
varying  roughness  may  be  illustrated  as  follows: 
Let  width  B  D  -  500  feet, 

slope  S  =0.0()()r), 

depth  D  -=o  feet, 

area  of  section     =  2,500  square  feet, 
wetted  perimeter  =  500  feet  approximately, 
hydraulic  radius  =-  5  feet  approximately. 
Then  for  /<  =  0.030,  tis  in  an  ordinary-  river,  the  mean  velocity^ 
would  be  3.29  feet  per  second,  and  the  discharge  would  be  8,225 
se(jond-feet. 

If,  now,  the  stream  is  covered  over,  if  7i^  and  ii^  equal  0.030  each, 
and  if  the  discharge  is  the  same  as  before,  then  the  stream  stage  must 
evidently  rise  in  such  manner  that  the  increase  in  C,  resulting  from 
mcreased  hydraulic  radius,  together  with  the  increase  in  R  and  A,  will 
counterbalance  the  increased  friction.  Owing  to  the  complexity  of 
the  Kutter  formula,  the  result  can  best  be  determined  by  successive 
approximations  rather  than  by  analysis. 
We  will  have,  if  D  remains  as  before, 

R  =  2.5  V  =  2.01  Q  =  5,025 

If  D  is  increased  1  foot, 

R  =  3.0  V  =  2.29  A  =  3,000  Q  =  6,870 

If  D  is  increased  2  feet, 

R  =  3.5  V  =  2.56  A  =  3,500  Q  =  8,960 

By  interpolation  between  the  last  two  values  it  appears  that  the 


be  somewhat  more  than  half  of  the  total  cross-sectional  bound- 
rthermore,  as  shown  elsewhere  (pp.  14-15),  when  the  stream  is 
I,  the  effect  is  to  replace  air-surface  friction  by  ice-surface  fric- 

>  that,  all  things  considered,  the  presence  of  a  thin,  smooth  ice 
rill  probably  not  necessitate  any  very  great  increase  in  stage  in 

>  maintain  the  discharge  undiminished. 

river  becomes  nearly  or  quite  frozen  over  and  the  thickness  of 
Bases,  the  diminution  of  area  of  water  may  be  considerable.  In 
ample  previously  quoted,  for  the  given  stage  the  i.rea  of 
ay  would  be  reduced  as  follows  (if  the  ice  is  floating) : 

Effect  ofthichuss  of  ice  on  arta  of  uxittniay. 

Thlckn«»88      Koduetion  inurcaof 
{      ofict'.  watorwjiy. 

!        Feet.  Sa.ft.  Pit  cent. 

0.5  230  0.2 

t  4<iO  1M.4        ; 

!           1.5  tJOO  27.  G        ' 

I         2  920  ;j<i.s 

I  ice  2  feet  thick,  then — which  is  not  unconunon — there  would 
iuction  in  area  of  about  37  per  cent.  In  the  example,  above,  a 
3tf^e  of  0.2  foot  was  occasioned  by  thin  ice  cover.  With  2  feet 
^  of  ice  a  further  rise  of  about  1.84  feet,  with  no  snow  load 
he  ice,  would  be  required  to  insure  the  same  discharge.  The 
ecessary  rise  of  stage  would  then  be  2.04  feet. 

EFFECT  OF  THICKNESS  OF  ICE  ON  FLOW. 

evident  that  the  discharge  for  a  given  gage  height,  taken  to  the 
lurface  where  there  is  a  thick  ice  cover,  may  be  diminished  very 
ally  as  compared  with  that  for  open-water  conditions, 
urther  considering  the  data  on  page  18,  and  also  assuming  u 
in  depth  (or  gage  height)  from  5  to  8  feet,  we  obtain  the 
tig: 
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Relation  offfapf  height  to  dincharge. 

[S=O.U)(r>;  n     (MKM)  for  open  water;  n=0.02U  for  thin  Ice  cover.] 
I  )i8iMiiin^  under  ice  cover. 


1     Depth 

Diwharpe 

Uatit 

^  niftcharfTP  for  open 

section'. 

(orKape 

(<>I>en  «v- 

:  height). 

1 

tion). 

Thin 

ii-e. 

Ii-e  I  foot 
thick. 

let*  2  feet 
thick. 

i      Frrt. 

Sfcond-frrl. ' 

■         .',.0 

s.*.>i'.   1 

O.IM 

0.65 

1             0.42 

1          (i.O 

11.201) 

.01 

.70 

.40 

7.0 

iA,rM) 

.92 

.73 

..Vi 

X.I) 

IS.20() 

.02 

.74 

.50 

For  tho  roclan^iilnr  section  as  chosen  this  indicates  that  for  a  given 
sta^e  the  ratio  of  discharge*  under  ice  cover  to  that  for  open  sectitMi 
diminishes  r.s  the  ice  thickness  increases;  for  thin  ice  cover  i*  i^ 


0.30 


0.50 
RATJO 


0.M  0.70  0.B0 

DISCHARGE     UNPtR     ICE    COVER 
DISCHARGE    FOR    OPEN    SECTION 


I^ 


V\r,. :{.     KiToct  «»f  rlump'  in  staj^r  on  <lis<'hurK«'  undor  ire  cover,  with  varying:  thickness  of  ice. 

approximately  constant  for  ordinary  stajjji^s,  hut  as  the  ice  thickens 
the  eil'ect  on  the  ratio  is  nnich  j^reater  at  th(»  h)wer  ^d^v^  heights.  T(^ 
further  ilhistn.te  tliis  tendency,  fig.  .'i  has  been  ])repared.  The  proper- 
ties of  tlie  gaging  cross  section  of  the  Conn(Tticut  Uivcr  at  Orford, 
X.  11.,  are  here  used  (at  gage  heiglit  4.0;  area  =  l,2S():  width  =  267; 
hydraulic  n:(iius  =  4.70;  slope  assumed  as  0.000112:  a/ =  0.035  for  open- 
water  conditions;  and  /i-=  0.025  for  channel  frozen).  Tnder  these 
assumptions  with  thui  ice,  the  relation  between  discharge  under  ice 
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•  and  that  for  open  water  is  nearly  constant  for  ordinary  stages; 
lick  ice  this  relation  may  vary  25  or  30  per  cent  in  this  range  of 
heights  (which  is  about  the  usual  winter  range  at  this  station), 
endency  being  for  this  ratio  to  increase  as  gage  heights  increase, 
le  effect  of  a  thickening  ice  cover  for  given  conditions  of  slope  and 
[mess  and  for  a  given  gage  height  is  as  follows:  (1)  To  diminish 
ross-sectional  area;  (2)  to  slightly  diminish  the  wetted  perimeter, 
ssening  the  width;  (3)  to  decrease  the  hydraulic  radius  as  a  result 
e  loss  of  area  while  the  wetted  perimeter  changes  only  slightly, 
langes  of  area  and  hydraulic  radius  both  tend  to  diminish  flow, 
evident  that  the  relative  effect  of  this  diminution  will  become  less 
less  as  stage  increases,  for  both  area  and  hydraulic  radius  increase 
tly  as  the  gage  height,  while  th*^  loss  of  area  and  hydraulic  radius 
given  thickness  of  ice  is  approximately  the  same  at  any  ordinary 

METHODS  OF  OBTAHS^ING   WINTER   RECORDS. 

CURRENT-METER    STATIONS. 
GAGE    HEIGHTS. 

evious  to  the  winter  of  1903-4  records  of  gage  heights  for  the 
'U  season  were  not  in  general  obtained,  the  exception  being  in  the 
of  a  few  gaging  stations  on  Catskill  Mountain  streams  in  the 
lity  of  New  York  City,  where  the  attempt  was  made  to  procure 
inuous  records  from  the  time  of  their  establishment  in  1901. 
e  1903  gage  heights  have  been  procured  during  the  winter  at  a 
iderable  number  of  stations  in  the  Eastern  and  Central  States, 
'ffort  has  been  made  to  obtain  data  bearing  on  both  the  stage  of 
iver  and  ice  conditions. 

IP  observer  is  not  expected  to  read  the  gage  and  obtain  the  attend- 
ice  data  oftener  than  once  or  twice  a  week  unless  unusual  condi- 
5  prevail  (such  as  high  water,  due  to  rains  or  melting  snow),  as  the 
\^e  in  stage  under  ice  cover  is  usually  a  slow  and  even  one.  The 
itials  in  these  observations  are  as  follows:  (1)  A  hole  is  cut  in  the 
it  (or  underneath)  the  gage,  the  gage  is  read  to  the  water  surface 
to  the  top  of  the  ice,  and  the  thickness  of  the  ice  is  measured:  (2) 
special  conditions  are  noted,  either  in  remarks  or  by  sketch,  sucli 
"eas  of  open  water,  backwater  effect  due  to  ice  jams,  etc.  Observ- 
ire  instructed  to  measure  the  thickness  of  ice  occasionally  at  other 
es  in  the  cross  section  at  the  gage  and  at  points  up  and  do\vTi 
im.  For  these  winter  duties  observers  are  furnished  \v\i\i  an  ice 
el  and  an  ice-measurement  stick,  so  arranged  with  an  L  end  that 
bottom  of  the  ice  can  be  definitc^ly  located  and  the  thickness  noted, 
he  transition  periods  from  open  channel  to  frozen  conditions  in  tlie 
and  the  reverse  in  the  sprinj]:  are  important.  During  the  fall- 
sition  period,  while  the  river  is  freezin<i:,  tAvo  nietho(ls  liave  been 
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used  for  gage  readings,  as  follows:  (1)  Daily  gage  readings  to  the  t( 
of  the  ice  are  made  continuously,  until  the  ice  is  strong  enough  i 
walk  on,  the  date  of  first  freezing  having  been  noted.  After  the  i 
cover  forms  the  usual  winter  observations  begin,  as  previous 
described.  (2)  The  ice  is  broken  daily  under  the  gage,  a  good-sia 
hole  being  made  with  a  weight  and  rope  provided  for  the  purpose,  ai 
gage  heights  are  read  to  the  water  surface,  until  the  ice  is  stroi 
enough  to  walk  on,  when  the  thickness  can  be  noted  and  the  usu 
method  followed. 

In  spring  when  the  ice  goes  out  daily  gage  readings  begin  with  ar 
considerable  increase  in  stage  and  conditions  as  to  ice — time  of  i 
going  out  and  of  river  being  clear  from  ice,  etc. — are  noted.  If  at  ai 
time  during  the  winter  high  water  occurs  or  the  ice  goes  out,  daily  gaj 
readings  are  resumed  until  steady  conditions  once  more  prevail. 

CURRENT-METER   DISCHARGE    MEASUREMENTS. 

Holes  are  cut  in  the  ice  at  points  in  the  cross  section  where  it 
desired  to  obtain  velocity  determinations.  These  holes  can  be  ci 
usually  to  best  advantage  with  an  ice  chisel  and  are  made  only  larj 
enough  to  allow  the  ready  lowering  of  the  current  meter  through  ther 
A  rectangular  hole  12  by  24  inches,  with  its  length  in  the  direction 
the  cross  section  and  with  vertical  sides,  has  been  found  conveniei 
for  thick  ice ;  lesser  dimensions  may  be  used  where  the  ice  is  thin.  ] 
a  few  cases  it  has  been  necessary  to  cut  a  continuous  channel  betwe< 
two  or  more  adjacent  holes,  especially  where  the  holes  are  clo 
together,  to  prevent  rapid  vertical  pulsations  of  water  in  the  hole 
Where  a  large  number  of  holes  are  to  be  cut,  a  special  auger  cuttii 
out  a  cylindrical  core  of  ice  has  been  used  to  advantage  by  Unit< 
States  Army  engineers.  The  auger  is  driven  by  hand,  by  means 
a  suitable  framework  and  gearing,  similar  to  a  carpenter's  frame  be 
ing  machine. 

The  cross  section  at  which  open-water  discharge  measurements  a 
made  is  always  used,  when  possible,  as  more  direct  comparisons  c\ 
thus  be  made  of  the  various  features  of  flow  under  ice  cover,  wi 
similar  data  for  open  channel.  If,  as  sometimes  happens,  it  is  des 
able  that  the  measurements  of  flow  under  ice  cover  be  made  at 
different  or  auxiliary  section  in  order  to  obtain  jnore  favorable  con< 
tions,  it  is  necessary  to  install  an  auxiliary  gage  or  reference  point,  < 
by  sufficient  soundings  at  the  section  used  to  keep  control  of  the  arc 
positions  of  ice  surfaces,  etc. 

Soundings  are  always  referred  to  the  surface  of  the  water  in  t 
holes,  and,  in  addition,  the  distance  from  the  water  surface  to  the  t< 
and  the  bottom  of  the  ice  is  noted.  The  depth  of  snow  covering  t 
ice,  if  any,  is  also  noted  and  if  possible  a  determination  made  of  : 
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water  equivalent.     The  character  of  the  ice  and  of  its  under  surface 
is  noted,  especially  with  regard  to  smoothness. 

Gage  heights  are  taken  to  the'  water  surface  and  the  top  of  the  ice 
in  the  same  Way  as  by  the  observer,  but,  in  addition,  especially  if  an 
auxiliary  section  is  being  used  for  the  current  meter,  holes  are  cut  in 
the  gage  cross  section  and  a  Uttle  distance  up  and  down  stream  in 
sufficient  number  to  get  a  good  average  determination  of  the  thick- 
ness of  the  ice  and  its  position  relative  to  the  water  surface. 

Velocity  observations  have  been  most  generally  made  by  the  ver- 
tical velocity-curve  method,  or  at  least  a  sufficient  number  of  curves 
have  been  obtained  to  give  good  control  of  any  single  or  double 
point  method.  Vertical  velocity  curves  have  also  been  very  fre- 
quently taken  for  the  reason  that  data  were  thus  obtained  for  study 
and  for  the  devising  of  shorter  methods  of  observation. 

A  double-point  method  giving  good  results  was  developed  from 
data  obtained  in  1904  and  was  used  in  measurements  for  the  next 
two  seasons.  This  consists  in  making  observations  at  0.2  and  0.8 
of  the  total  depth  (below  the  bottom  of  the  ice),  the  mean  of  the.se 
two  velocities  being  very  nearly  the  mean  velocity  of  the  vertical. 

Single-point  methods,  in  which  the  velocity  is  determined  at  0.4, 
0.6,  or  mid  depth,  are  sometimes  used,  it  being  necessary  to  have 
vertical  velocity  curves  at  the  same  points  and  taken  under  similar 
conditions  in  order  to  deduce  the  mean  velocity  from  the  observed 
velocity. 

Vertical  integration  has  been  used  to  a  limited'  extent,  but  it  has 
ixot  been  found  as  convenient  as  the  methods  previously  described 
^Txd  it  gives  no  data  for  the  study  of  the  vertical  velocity  curve. 
It  is  also  objectionable  o>\4ng  to  the  difficulty  of  properly  handling 
the  current-meter  cable,  which  becomes  wet  and  covered  with  ice. 

The   horizontal   distance   between    velocity   observations   should 

probably  be  about  the  same  as  for  open  water  for  the  best  results, 

but  frequently  it  is  advisable  to  extend  it  somewhat  beyond  that 

limit,  in  order  to  reduce  the  labor  required  for  cutting  holes  in  the  ice. 

The  current  meter  is  used  either  suspended  by  a  cable  in  the 

ordinary  manner  or  fastened  to  a  wooden  or  metal  rod.     If  a  cable 

is  used,  it  is  marked  at  intervals  of  0.5  or  1  foot  by  small  lengths  of 

cord  woimd  and  tied  about  it  for  use  in  sounding  and  placing  the 

"^oter.     It  is  most  convenient  to  refer  these  to  the  center  of  the 

^Her  and  add  to  soimdings  the  distance  from  the  center  of  the 

nieter  to  the  bottom  of  the  weight.     If  a  rod  is  used   (this  is  of 

course  limited  to  comparatively  small  depths    and    low  velocities), 

Jt  may  be  graduated  from  the  center  of  the  meter  in  a  similar  way. 

The  rating  of  the  small  Price  meter  when  it  is  fastened  to  a  rod, 

f>ut  free  to  tip  on  its  horizontal  axis,  is  almost  identical  with  that 

when  the  meter  is  suspended  by  a  cable  in  the*  usual  way. 
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Tho  meter  must  l)e  kept  in  the  water  continuously^  or  nearly  so, 
if  the  t<Miiperature  of  the  air  is  much  below  freezing,  as  ice  will 
form  very  quickly  on  exposure  and  perhaps  cause  the  meter  wheel 
to  stick.  If  the  temperature  is  very  low,  trouble  is  also  experienced 
from  ice  cjathering  on  the  cable  or  rod  supporting  the  meter. 

Measurements  during  irclement  weather  can  often  be  most  con- 
veniently made  under  a  shelter  consisting  of  a  framework  of  light 
])oards  or  ])oles  covered  with  canvas.  A  cross  plank  at  a  height  of 
about  l\  feet  serves  as  a  convenient  support  for  instruments  and 
stop  watch(»s,  as  well  as  a  datum  for  lowering  the  meter  in  making 
vertical  velocity  curves. 

In  moving  from  station  to  station  the  meter  is  drawn  up  until 
it  clears  the  ice  and  left  suspended  from  the  cross  plank  while  th<* 
entire  shelter  is  carried  forward  to  the  next  point  of  measurement- 
By  this  method  the  necessity  of  handling  the  wet  cable,  often  tro^^' 
blesome,  even  when  rul)ber  mittens  are  used,  is  generally  avoided- 

1h(»  additional  cost  of  measurements  on  frozen  streams  over  tb*^^ 
for  the  open  season  is  occasioned  by  the  following  conditions:  C^ 
(icneral  difliculty  of  iield  work  during  cold  weather,  an<l  confr?^' 
(juently  longer  time  recpiired;  (2)  labor  recpiired  to  cut  holes  in  i^"* 
and  perluips  cUmip  oil*  snow:  (o)  longer  methods  required  in  gaging 
The  following  tablt*  gives  data  regarding  the  cost  of  gaging  und^-^ 
ice  cover  at  certain  stations  thiring  10f)4  IlKXi  as  compared  w^ith  th^^ 
cost  of  gagings  jnnde  inxler  op(M)-water  conditions. 

<\h'<t  of' rum  iit-nini'iini  nif  nfs  undn-  in  Cfuur. 


i-...m  jMT 

T'winl 

I.i»fulit\. 

NutiilM-r 

of 
sl:!li<iris 

V..ir. 

.•I 

.)f  tr.iv.-l 

to  mmM 

fn>in 

si:iiii»?i. 

Avonip* 

tottil 
(Mmi  p<»r 

total 
cost  ]x»r 

nviT 

OIMMl. 

\r\\    Kiml.'llhl 

1 

A 

Mi.r.7 
14.  IS 

V.\A.  M 
IS.S2 
IfMiT. 

S1O.00 

Do 

:i 

S.57 

Dm 

A 

10.42 

Now  York..     . 

\\ 

imH. 

1". 

Is  *.M 

•->■->.  13 

10. 3L' 

The  •usual  total  cost  jxt  gaging,  river  open,"  is  based  on  a  record 
of  actual  costs  during  11)04  and  lOOo  for  New  Kngland  and  from 
July,  1904,  to  'Inly,  lOOo,  for  New  York  stations.  During  the 
greater  part  of  the  1900  winter  gagings  in  New  ICngland  only  one 
hydrographer  was  in  the  iield,  laborers  being  employe;!  for  the 
work  of  cuttii;g  holes  in  the  ice  and  assisting  in  gaging.  Previous 
to  that  time  there  were  usually  two  hydrographers.  All  New  York 
gagings  have  been  made  l)y  two  hydrographers. 

The  average  cost  i)er  gagirg  for  ice  cover,  exclusive  of  travel,  is 
from  one  and  one-half  to  three  times  that  for  open-water  conditions. 


■J.  S.    GfOlOMCAL  SfWPT 
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A     GAGING  STATION  ON   SANDY  RIVER  AT  MADISON.   ME.    AT  DAM  OF   MADISON 
ELECTRIC  COMPANY. 


/;.     GAGING  STATION  ON  WINOOSKI  RIVER  AT  RICHMOND,  VT. 
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STATIONS  AT  DAMS. 

A  considerable  number  of  the  paging  stations  of  the  Survey  are  at 
water-power  plants,  and  records  are  obtained  by  observing  the  flow 
over  the  dam,  the  wheel-^ate  openings,  etc.,  and  the  amount  of  water 
used  by  wheels. 

During  cold  weather  ice  may  form  in  large  quantities  on  the  crest  of 
a  dam  and  vitiate  the  computations  made  from  gage  heights  of  flow 
over  the  dam.     PI.  I,  A^  gives  an  e.^cellent  illustration  of  the  manner 
ill  which  ice  may  form  upon  a  dam.     This  plate  shows  one  of  the  regu- 
lar stations  of  the  Survey  at  Madison,  Me.     In  some  cases  this  diffi- 
culty can  be  obviated  by  keeping  the  ice  cut  away  from  the  crest,  as 
is  frequently  done  at  an  electric-light  and  power  plant;  or  where  that 
is  impracticable,  a  record  of  ice  conditions,  with  proper  corrections, 
;    may  serve  to  !nake  approximate  estimates. 

The  flow  through  turbines  is  as  easily  determined  in  winter  as  hi 
summer.     Frequently  the  greater  part  of  the  flow  is  taken  through  the 
[    wheels.    (laging  stations  at  dams  and   mills  usually  afford  better 
I    opportunities  for  securing  winter  rec^)rds  than  exist  at  many  current- 
meter  stations. 
I  ESTIMATES    FROM    PRECIPITATION. 

Methods  of  estimating  stream  flow  from  precipitation  are  so  gener- 
ally km)wn  as  to  require  no  detailed  explanation.  In  most  such  esti- 
mates the  run-off  in  any  month  is  determined  from  the  contempora- 
neous precipitation  by  the  use  of  a  ratio  or  reduction  factor.  In  crude 
estimates  it  is  asvsumed  that  a  constant  percentage  of  the  precipita- 
tion will  appear  jis  run-off  regardless  of  the  amount  of  precipitation. 
In  more  exact  work  a  sliding  scale  of  coefficients  is  used,  the  values 
"("pending  on  the  amount  of  precipitation  and  the  month  or  season. 

For  precipitous  and  impervious  basins  the  run-off  will  l)e  nearly 
^^mcident  with  the  precipitation.     If,  however,  there  are  lakes,  for- 
^•<^,  extensive  ground-water  storage,  or  accumulated  snow  witliin  the 
'>asin,  the  precipitation  in  one  month  may  not  appear  as  run-off  for  a 
considerable  interval  of  time,  and  any  attempt  to  estimate  the  run-ofl* 
for  any  month  fnmi  the  contemporaneous  precipitation  will  be  value- 
less.   This  is  especially  true  in  l)aslns  where  nuich  of  the  winter  pre- 
cipitation is  in  the  form  of  snow,  wliicli  accumulates  on  tlic^  grour.d, 
("'specially  in  ravines  and  forests,  so  that  water  representing  several 
inches  depth  on   the  drainage  basin  may  Ix*  carried  forward  from 
month  to  month,  or  from  one  caleinlar  year  to  another,  without  enter- 
ing the  stream. 

A  heavy  precipitation  in  the  form  of  snow  may  occur  without  any 
appreciable  effect  on  the  stream  (low.  ()  i  th(»  otli(M*  hand,  whenever 
the  temperature  rises  above  .V2°  F.,  run-oiV  from  melting  snow  occurs. 
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and  often  the  entire  winter^s  snow  storage  enters  the  stream  in  tb 
course  of  a  few  days.  During  from  one  to  three  months  of  th 
spring  freshet  season  northern  streams  generally  show  a  run-oil  cor 
siderably  in  excess  of  the  contemporaneous  precipitation. 

Data  regarding  the  evaporation  loss  from  snow-covered  surface 
are  very  meager.  If  records  of  the  snowfall,  snow  accumulation,  an* 
temperature  are  at  hand  it  may  be  possible  to  form  estimates  of  th 
total  run-off  of  a  stream  for  the  winter  season.  It  is  obviously  impos 
sible  at  present  to  form  reliable' estimates  of  winter  flow  for  shorte 
periods  from  precipitation  data  alone  in  any  manner  similar  to  tha 
commonly  used  in  estimating  the  flow  from  the  rainfall  during  th 
summer  months. 

The  minimum  flow  of  a  stream,  either  in  summer  or  winter,  otA 
narily  occurs  at  times  when  there  is  no  direct  surface  run-off  and  whe 
the  permanent  supply  from  ground  water,  lakes,  or  storage  reservoii 
is  at  a  minimum. 

The  presence  of  snow  with  low  temperature  effectively  cuts  c 
dire<3t  surface  inflow  in  winter,  sometimes  for  a  period  of  sever 
months.  Careful  studies  of  the  laws  of  supply  to  a  stream  fro 
ground  water  during  either  summer  or  winter  droughts  will  be  of  val 
in  estimating  the  winter  regimen. 

With  present  knowledge  it  is  evident  that  actual  measurements 
flow  from  gagings  are  even  more  needful  in  winter  for  the  determir 
tion  of  available  w  ater  supply  from  streams  than  in  summer,  althou. 
in  the  existing  data  of  stream  flow  the  winter  period  is  to  a  consid< 
able  extent  neglected. 

WIXTEU   RECORDS. 

Data  on  open-water  and  w^inter  conditions  and  the  dischar 
measurements  made  during  the  frozen  season  a^e  here  given  for  t 
following  stations : 

Catskill  Crrrk  ai  South  Cairo,  N.  Y. 
ConnocticiU  Uivor  at  Orford,  N.  11. 
Esopus  Crook  at  Kingston,  X.  Y. 
Fish  Rivor  at  Wallajrra>s,  Mo. 
Konnohoc  Rivor  at  North  Anson,  Mo. 
Rondout  Crook  at  Roscnuialo,  N.  Y. 
Wallkill  Rivor  at  Xowi)alt7„  N.  Y. 
Winooski  Rivor  at  Riohniond,  Vt . 

CONDITIONS  AT  STATIONS. 
CATSKILL    CREEK    AT    SOUTH    CAIRO,    X.    Y. 

This  station  was  estahlisho  1  July  4,  1001.  It  is  located  at  t 
highway  bridge  in  the  village  of  South  Cairo,  about  1  mile  north  of  t 
Catskill  Mountain  Railroad  station  for  that  place.     The  drainage  ar 
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is  263  square  miles.  Measurements  are  made  from  the  downstream 
side  of  the  bridge  at  ordinary  and  high  stages,  and  by  wading  a  short 
distance  above  the  bridge  at  low  stages. 

The  drainage  basin  of   this  stream  receives,  the  run-off  from  the 
north  slope  of  the  Catskill  Range  and  lies  for  the  most  part  in  the  tim- 
bered highlands  of  Greene  County.     The  source  of  the  creek  is  in  a 
swamp  at  Franklinton,  Schoharie  County.     It  enters  Hudson  River 
at  Catskill  after  traversing  Greene  County  for  nearly  25  miles.     The 
stream  flows  over  a  rocky  bed  through  the  greater  part  of  its  course,  hav- 
ing a  total  fall  of  1,200  feet.     At  the  station  the  bed  consists  of  gravel 
and  rock,  the  main  channel  lying  nearest  the  right-hand  abutment  of 
the  bridge,  which  has  a  clear  span  of  about  194  feet.     About  two- 
thirds  of  the  way  across  is  a  gravel  bar  covered  with  brush  which 
affectjs  the  discharge  to  some  extent  in  high  water  and  at  low-water 
stages  rapids  about  1,800  feet  below  the  bridge  tend  to  cause  slack 
water  at  the  regular  section  for  gaging.     Both  banks  are  high  and  not 
subject  to  overflow.     The  left  bank  is  wooded ;  the  right  is  rocky  and 
abrupt.     Below  the  bridge  the  stream  is  fairly  straight  for  about 
1,000  feet:  it  then  curves  to  the  left  and  flows  over  some  rifts,  which 
at  ordinary  stages  narrow  the  stream  from  about  200  to  about  30  feet. 
Above  the  bridge  the  course  is  straight  for  about  500  feet;  there  is 
then  a  slight  turn  and  some  rapids  that  narrow  the  channel  down  to  SO 
or  90  feet,  the  width  at  the  bridge  being  about  125  feet.     A  portion  of 
the  stream  bed  is  permanent,  the  gravel  bar  on  the  left-hand  side  hav- 
ing a  tendency  to  shift. 

From  Hudson  River  to  the  mouth  of  Kaaterskill  Creek,  alxiut  2 
niiles,  there  is  practically  no  velocity.  From  Kaaterskill  Creek  to 
Leeds,  3  miles  farther  up,  Catskill  Creek  flows  through  a  gorge  of  blue- 
stone,  in  which  it  has  a  fall  of  about  180  feet.  Two  dams  formerly 
utilized  a  portion  of  this  head  at  Leeds.  There  is  no  interference  at 
the  station,  however,  as  it  is  about  3  miles  farther  up.  The  extreme 
st^es observe fl  are  as  follows: 


Kxtretne  utageJt  observed  on  Catskill  (^rrek  at  South  Cairo,  S.  Y . 


Hiehwai 


^y.     Ki^l'*--.'-. 


Ff'ft.     S frond- ft  ft. 
2. 2.-)  IS 


Kxtromt'  raiigo 0. 4')  IS,  r)82 

Catskill  Creek  in  this  vicinity  usually  freezes  over  about  December  1 , 
ftnd  the  general  breakuj)  comes  about  March  1,  tlio  stream  beiujx 
partly  free  from  ice  for  short  |)erio(ls  in  January  or  Fohruarv  durirg 
what  is  commonly  kno\vTi  as  (lie  January  thaw.  Th(»  entire  width  is 
usually  frozen  from  a  point  500  feet  above  the  station  to  a  ])oint  about    i 
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l,r)()()  feet  below;   the   rai)ids  seldom   freeze  except   in   the  coldest, 
weather.     Needle  ice  is  produced  in  abundance  in  this  stream,  ihe 
observer  reporting  that  the  channel  is  obstructed  by  this  kind  of  ice 
for  the  o:reater  part  of.  the  winter. 

Ice  conditions  on  Catskill  Creek  ai  South  Cairo,  N.  Y. 

SKASOX  OF  \m\-A. 

November  29,  ice  0.6  foot :  practically  the  same  up  to  Deceniljer  13. 

December  17,  ice  at  gage  0.88  foot . 

Decemlier  19,  \ve  at  gage  1  foot. 

I>»cember2(),  rains:  creek  broken  up. 

Decemlx^r  27,  ice  at  gage  0.25  foot. 

December  31 ,  ice  at  gage  O.G  foot . 

January  1-22,  ice  averaged  al>out  0.()5  foot. 

January  2;^-2(>,  inclusive,  ice  bn)ken  up. 

January  27  to  February  8,  ice  from  0.1  to  0.0  fiK)t  tbick. 

Febniary  9,  heavy  thaw:*  ice  went  out. 

Febniar}-  10  to  March  3,  ice  fmm  0.2  to  1  foot  thick. 

March  8,  heavy  rains;  ice  went  out. 

SKASOX  OF  1904-.-.. 

Noven\l)er  27,  ice  0.1  foot  thick. 

DecenilxT  1-7,  i<'e  0.2  ioot  thick,  increasing  to  I  f<M»(  by  De<'eml>er27. 

Decern Ikt  28,  creek  broken  up. 

Januar}'  .5,  creek  filled  with  anchor  ice. 

January  7.  anchor  ice  broken  up. 

January  15,  creek  filled  with  anchor  \qi\ 

January  25-28,  ice  0.5  foot  thick:  .strenin  rroz4'n  across  to  about  same  thickness  |K* 
alM)ve  and  Im»Ij»w  gage.     Observer  states  that  stream  is  filled  with  anchor  ice  attached 
lM)ttom,  except  in  narrow  strip  along  gage.     Conditions  continued  the  ."^ame  for  three  we^' 
with  excepti<»n  that  general  ice  thickness  increased  from  1.2  fe<»t  upstream  to  1.5  feet  dov*' 
.stream  from  gage. 

Febniarv'  18,  stream  frozen  over  except  along  right  bank,  uhere  ice  l)ecom(s  hon(*^ 
c()inl)ed  and  is  broken. 

February  25,  stream  frozen  acro.ss  both  af>ove  and  Im'Iow  gage  1.08  to  1.25  feet  thicl 
()bs<»rver  .states  that  ice  is  gradually  melting,  and  .shows  channel  near  left  bank  l)elow  gage. 

Maich  1.  ice  throughout  O.KS  to  1  foot  thick,  but  narrow  channel  on  each  .«iide. 

Manli  19,  ice  brok<»n  up. 

SKASON  OF  i<Kri-«;. 

DeccmlHT,  some  ice  alnHit  the  middle  of  the  monfh,  but  river  not  frozen  solid. 

January  8,  ice  alwmt  0.17  foot  thick. 

January  S\-\  I.  i<e  (\25  foot  thick. 

Janiiarv  12-14,  i'v  0.3:3  f(M)t  thick. 

Januhry  15.  ice  0.25  f(M)t  thick 

January  24,  i<*e  broken  up. 

February  1.  about  i).K^  foot  of  i<'e  both  alxtve  and  Im»Iow  gage,  al.**o  at  gage. 

Fi'bruary  22,  ice  broken  up. 

February  28,  creek  filled  with  anchoj-  ice.  both  above  and  below  gage. 

March  5.  ice  went  out  alM)ut  this  date. 
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The  range  of  winter  gage  heights  and  maximum  thickness  of  ice 
o])served  arc  as  f oUows : 

liantje  of  vcinU.r   gatjt  heights  and  maximum  thickness  of  ice  on  Catshill  Creek  at  South 

Cairo.  .V.  Y. 


Date. 


1901-2. . 
19r2-3. . 

1804-.-).. 
190.>6.. 


Gage  hciRht  to  water  8urfttfe. 

Maximum 

— 

_  _     _ 

- 

thicknes.'* 

Minimum. 

Maximum. 

Range. 

of  ice. 

Feet. 

Feet. 

Feet. 

Feet. 

2. 90 

4.82 

1.92 

1.37 

3.  OS 

4.90 

1.82 

.16 

3.10 

4.55 

1.45 

.54 

2.  HO 

3.05  ■ 

.•25 

.17 

2.70 

5.15 

2.4.5 

.83 

COXXECTICUT   RIVER   AT   ORFORD,  X.  II.       • 

This  Station  was  established  August  6,  1900.  It  is  located  at  the 
W(H)dpn  highway  bridge  between  Orford,  N.  II.,  and  Fairlee,  Vt. 
The  drainage  area  at  this  point  is  3,305  square  miles.  Measurements 
^re  made  from  the  downstream  side  of  the  highway  bridge. 

The  bed  of  the  stream  consists  o^  gravel  and  is  permanent.  Both 
banks  are  high  and  do  not  overflow.  At  the  bridge  the  channel  is 
ahout  275  feet  wide  at  ordinary  stages  and  is  broken  by  one  pier.  It 
is  straight  for  1,000  feet  above  the  station  and  for  a  considerably 
longer  distance  below.  The  channel  is  about  the  same  width  both 
up  and  down  stream,  but  at  the  bridge  this  width  is  cut  down  approxi- 
mately 13  feet  by  the  pier. 

Several  small  streams  enter  the  Connecticut  near  Orford,  but  the 
^nly  stream  of  any  considerable  size  is  Waits  River,  about  5  or  6  miles 
iibove  this  point.  The  nearest  dam  is  at  Wilder,  about  18  miles  down- 
"^tream.  Backwater  eflFect  from  this  dam  reaches  probably  within  a 
fpw  miles  of  Orford.  Upstream  the  nearest  dam  is  at  East  Kyegate, 
ftboiit  20  miles  above  Orford.  There  is  considerable  fall  in  the  river 
in  IhLs  20-mile  stretch,  although  it  is  somewhat  concentrated  at  ;  few 
P'^inis.     The  extreme  stages  observed  are  as  follows : 

Extreme,  stagea  obitervetl  on  Conneiiicut  Rii'er  at  Orford,  S.  II. 


Discliareo. 


F((t.  Snond-frrt . 

High  waliT -if).  I  :«. (MM) 

l^*'watrr 2.0  (>J0 

Kxtrenie  ratine '1\.\  '.\'l.'M\i) 
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Connecticut  River  in  this  vicinity  usually  freezes  over  about 
December  1  and  remains 'frozen  until  the  middle  or  last  of  Marcli. 
Near  the  bridge  ice  first  fonns  at  the  shores  and  around  the  pier,  the 
left  channel  always  freezing:  over  first  and  the  right  channel  some- 
what later.  This  i)ortion  of  the  river — from  the  dam  at  WUder  to 
(|uick  water  at  or  above  Wells  River — has  usually  a  permanent  ice 
cover  (hiring  the  winter  months.  Anchor  or  needle  ice  has  never 
b(»en  found  here  in  sufficient  quantities  to  affect  gage  heights  o^inte^ 
fere  with  gagings. 

During  the  season  of  ll)0o-6  the  river  was  completely  frozen  over 
at  I  he  Orford  l>ridg(»  imly  from  about  December  30  to  January  24, 
whcMi  a  rise  in  stage  carried  out  the  ice.  It  did  not  freeze  entirely 
across  again  during  the  winter.  An  area  about  1,000  feet  long  end 
1  ^O  f(»et  wide,  nearly  in  the  middle  of  the  river  and  extending  down- 
ward from  the  bridge,  remained  open. 

Ordinary  winter  conditions  are  good  at  this  station,  and  the  range 
of  gage  heights  is  small.  Occasicmally  a  winter  freshet  such  as  those 
of  December,  1001,  and  January,  1906,  occurs,  but  these  usually  last 
only  a  few  days.  The  range  of  winter  gage  heights  and  maximum 
thickness  of  ice  observed  are  as  follows: 

Hatuu  of  irinUr  muji'  hc'ujhls  and  maximum  ihichuss  of  iw  ou  Connecticut  Hiver  at  (fffordi 

X.II. 


(iap'  height  to  water  surface.        Maxim^^ 

Date. •thU'knf^ 

Mhiiiniiiii.    Muxiimini.      Hany:r.  of  ict** 


F(t(.  Fcft. 

VMH)  1 ;\.s  9.0 

l«K)l  2...            a.S  21.7 

v.un .{ (i.«)  ,  K.S 

MKKi  1 1.0  S.3 

1«K)|  .-, 1.0  ».5 

1<»  I".  (.     *•. 5  20..'} 


Feet.  Feet. 

3.2  • 

17.9  , 


4.  .3 
0.5 
15.0 


ESOPIS    CKKEK   AT    KINGSTON,  N.  Y. 

This  Station  was  established  July  '>,  1901.  It  is  located  at  th^ 
Washington  Street  Bridge,  Kingstim,  N.  Y.,  abcmt  1  mile  from  the 
West  Shore  Railroad  station.  The  measurements  are  made  from  the 
upstream  side*  of  a  two-si)an  highway  bridge.  The  main  span  is  about 
1 17  feet  wid(^  There  is  also  a  short  span  of  about  10  feet  on  the  left- 
hand  end  for  extreme  high  water.  The  drainage  area  above  this  sta- 
tion  is  :V24  square  miles.  The  bed  of  the  stream  consists  of  earth  anc 
loose  rock  tuul  is  permanent.  At  ordinary  stages  the  channel  is  fron 
\H)  to  110  fe(»t  wide  at  the  l)ridge,  but  it  is  wider  above  and  below 
Tpstream  the  channel  is  straight  for  about  300  feet.  It  then  deflect: 
slightly  to  the  right.  Downstream  the  channel  is  fairly  straight  foi 
700  or  SOO  feet.     Rapids  about  300  feet  below  affect  the  low-wate; 
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m.  Measurements  can  be  made  by  wading  above  the  Ulster  and 
fflaware  Railroad  bridge,  about  1  mile  upstream.     The  right  bank  is 

earth,  of  medium  height  and  slightly  wooded;  it  is  not  subject  to 
rerflow  except  at  very  high  stages.  The  left  bank  is  of  ordinary 
?ight,  slightly  wooded,  and  subject  to  overflow  in  high  water.  The 
mditions  are  such  that  the  overflow  can  be  readily  estimated. 

Esopus  Creek  receives  numerous  small  tributaries — mostly  small 
iirential  streams  —  which  cause  rapid  fluctuations  in  the  main 
treams.  The  stream  channel  is  usually  broad  and  shallow,  the  bed 
►eing  covered  with  cobbles  and  small  bowlders,  until  the  vicinity  of 
he  gaging  station  is  reached,  when  the  slope  is  more  gradual  and  the 
urrent  less  swift.  At  Olivebridge,  about  20  miles  above  the  station, 
here  is  a  natural  fall  of  about  22  feet  that  is  increased  to  28  feet  by  a 
imbef  dam  on  the  crest  of  the  ledge,  and  at  Glenerie,  where  the  West 
5hore  Railroad  crosses  the  Esopus,  about  6  miles  downstream,  there 
s  a  cascade  that  has  a  fall  of  about  56  feet.  The  final  descent  to  tide- 
«^at€r  at  Saugerties  is  made  through  a  fall  of  42  feet. 

There  are  no  dams  in  the  vicinity  of  the  gaging  station,  and  the 
channel  is  unobstructed  except  by  small  rapids  which  affect  the  low- 
Werflow  only.     The  extreme  stages  observed  are  as  follows: 

Ertrenie  stmfeft  of  Mended  on  Em  pun  Cretk  (it  Kiiufston,  A'.  )'. 

I,.  ^  I        F€€t.       Srcomi-ft 

*i«nwater iVO  i  IM, 


Uw 


40U 
Water ]  3.  7  ,  3<i 

Extreme  range ,  21.:?  23,;W4 


Esopus  Creek  in  this  vicinity  usually  freezes  over  about  December 
^'  though  the  entire  stream  is  not  closed  up.  Ice  generally  forms 
fifst  along  the  shore  below  the  bridge  and  gradually  works  upstream, 
^he  velocity  being  swifter  on  the  upstream  side.  The  stream  here 
^  a  )\ide  range  during  the  froztm  season,  the  gage  heights  ranging 
'foni  about  5  feet  to  17  or  IS  feet.  These  freshets  sometimes  occur 
Soften  as  twice  a  month,  and  occasionally  clear  the  creek  of  ice,  this 
Spending  somewhat  on  the  time  of  year  and  the  thickness  of  the  wv. 
fhp  channel  below  the  bridge  soiuetiines  becomes  jammed,  and  in  the 
'Pring  it  frequently  has  to  be  cleared  out  with  d>Tiamite.  There  is 
nore  or  less  open  channel  during  the  greater  part  of  the  winter  at 
his  stati(m.  Several  ice  measurements  have  been  made  Iktc,  and 
^variably  there  was  a  portion  of  the  stream  open.  There  are  no 
sports  or  indications  of  needle  ice,  though  it  may  form  at  tim(\s. 

During  1901,  1902,  and  lOO.S  there  was  comparatively  little  ice  in 
his  stream,  but  in  the  winter  of  l9()4-r)  the*  ice  had  a  thickness  of 
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about  1.5  feet  for  a  |>eriod  of  about  six  weeks,  ranging  from  0.1  toO. 
feet  at  other  times.  The  ice  went  out  about  March  18.  The  rang 
of  winter  gage  heights  and  niaxinium  thickness  of  ice  observed  are« 
follows: 

Raruje  of  winter  gaye  heufhts  and  tnaxbnum  (hiclme^s  of  ice  on  Esopus  Creek  at  Kingnto 

X.  Y. 


\\m-2. 

1«)4-."). 


Dilte. 


CiHgo  hoij 

Ijht  to  watei 

surfiice. 

Maxima 



—  -  — 

—          -     - 

thicViw 

I  Miiumuin. 

Maxiintim. 

Uanipp. 

ofirt 

Fret. 

Fert. 

Ffrt. 

Fir;. 

5. 1>» 

9.95 

4.fi7 

11 

Vt.  10 

.9.K2 

3.72 

4. 01 

IS.  23 

13.32 

4.74 

12.90 

am 

-..35 

14.60 

9.2.5 

1 

FISH    KIVEU    AT    WALLAORASS,    ME. 

This  station  was  established  July  29,  1903.  It  is  located  ji 
below  the  outlet  of  Wallagrass  Brook.  The  drainage  area  at  ll 
point  is  910  square  miles.  Measurements  of  the  flow  are  made  fn 
a  cable  located  about  1,500  feet  downstream  from  the  gf^e, 
stmndings  are  made  on  the  line  of  the  cable.  Tlie  bed  consists 
gravel  and  is  permanent.  T\w  banks  are  of  medium  height,  h 
rarely  overflow  during  high  stages.  The  channel  is  straight  for  o 
feet  above  and  .'300  fe(»t  below  the  cable*  and  is  about  100  feet  wi( 
being  fairly  uniform  in  cross-section  near  the  station.  Wallagrj 
Brook  is  the  only  stream  of  any  considerable  size  entering  Fi 
River  in  this  vicinity.  The  gaging  station  is  alxmt  S  miles  above  t 
entrance  of  Fish  River  into  the  St.  John  and  about  2  miles  upstre^ 
from  an  undevelo])e(l  fall  of  about  20  feet.  There  are  no  dams  in  tl 
vicinity.     The  extreme  stages  observed  are  as  follows:- 

Extrciin:  stmjts  ohscrmi  on  Fish   liin  r  of  Walhuj/nss,  Me. 


heighl.       '"'^"* 

I        F(rt.       S*-coml' 

Ilijrh  wjitiT I3.<i  » 

Low  watiT 1.  7 

KxtHMiH'  rariKO '  11.9  I  > 

P'isli  River  in  this  vicinity  usually  becomes  frozen  over  ab( 
December  1  and  remains  so  without  interrupticm  imtil  about  April 
Ice  forms  first  at  the  shon»s  and  gradually  extends  across  the  strejj 
with  the  exception  that  in  the  vicinity  of  the  gage  a  small  a 
remains  open  for  a  tinu\  Occasionally  during  the  winter  the 
thins  out,  owing  to  the  entrance  of  wat(T  from  springs.  Win 
freshets  are  unusual  in  this  vicinity.  Winter  c(mditions  are  v 
uniform,  fluctuations  in  stage  are  usually  slow,  and  the  ice  covei 
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iiooth  and  permanent,  so  that  in  general  this  station  is  especially 
ivorable  for  records.  The  range  of  winter  gage  heights  and  maxi- 
mum thickness  of  ice  observed  are  as  follows : 

langf  of  tinnier  gage  heights  arid  maximum  thickness  of  ice  on  Fish  River  ai  WallagrasSf  Me. 


Gage  height  to  water  surface. 

Maximum 

thickness 

of  ice. 

Date. 

Minimum. !  Maximum. 

1 

Range. 

Feet. 
2.2 
1.9 
3.2 

Feet. 
2.8 
3.3 
2.0 

Feet. 
5.0 
5.2 
5.2 

l«H. 

Feet. 

190^5 

1.9 

ttOH 

1.5 

KENNEBEC    RIVEJl   AT    NORTH    ANSON,    ME. 

This  station  was  established  October  18,  1901.  It  is  located  IJ 
miles  east  of  North  Anson  village  and  n  short  distance  above  the 
mouth  of  Carrabassett  River.  The  drainage  area  at  this  point  is 
2,880  square  miles.  Measurements  are  ordinarily  made  from  the 
covered  wooden  highway  bridge,  known  locally  as  Patterson  Bridge. 

The  bed  of  the  stream  is  rocky,  with  stone  and  gravel  in  places,  and 
is  permanent.  The  right  bank  is  high.  The  left  bank  is  of  medium 
height  and  is  subject  to  overflow  in  times  of  highest  water.  At  the 
bridge  the  channel  is  about  350  feet  wide,  broken  by  one  pier.  It  is 
straight  for  about  100  feet  upstream  and  200  feet  downstream  from 
the  bridge  and  is  curved  beyond  these  points.  The  channel  widens 
out  to  about  500  feet  a  short  distance  up  and  down  stream  from  the 
bridge. 

Carrabassett  River  enters  the  Kennebec  about  1  mile  below  Pat- 
terson Bridge,  and  at  its  mouth  is  a  large  island  dividing  the  Kennebec 
into  two  narrow  channels.  The  nearest  dam  is  at  Madison,  6  or  7 
niiles  downstream,  and  backwater  from  this  dam  extends  about  to  the 
niouth  of  Carrabassett  River.  Upstream  the  nearest  dam  is  at  Solon, 
»bout  8  miles  above;  the  slope  of  the  river  in  this  portion  at  ordinary 
stages  is  in  general  about  4  feet  to  the  mile,  althougn  it  is  concentrated 
somewhat  at  several  points.  At  low  water  the  velocity  at  the  bridge 
becomes  somewhat  low  and  poorly  distributed,  and  measurements 
bave  been  made  by  means  of  a  boat  at  a  distance  of  about  1,000  feet 
downstream.     The  extreme  stages  observed  are  as  follows: 

Extreme  stages  obser\:ed  on  Kennebec  River  at  North  Anson,  Me. 

\     lX^\.     if'-harge. 

n,  .  Fert.       Second-feet. 

f^lWftter i  14.95  39,000 

^»  waUr 1  1.  .'i.'i  ,  800 

Kxtreme  rango [  13.  40  ^  38,200 


IBB  187-^- 
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Kennebec  River  in  this  vicinity  usually  becomes  frozen  over  during 
the  first  week  in  December  and  remains  so  without  interruption  until 
about  March  15  or  April  15.  Near  the  bridge  ice  first  forms  at  the 
slioros  and  around  the  piers  and  gradually  extends,  the  channel  being 
coniplotcly  frozen  over  in  a  week  or  so  in  ordinary  seasons.  During 
the  winter  of  1905-6,  however,  narrow  channels  remained  open  in 
each  span  until  about  January  1,  and  narrow  areas  of  open  water 
remained  somewhat  after  this  date  for  short  distances  above  and 
below  the  bridge. 

In  December  there  is  probably  considerable  needle  and  anchor  ice 
in  the  vicinity  of  the  station,  but  after  the  ice  becomes  permanent  no 
trouble  has  been  occasioned  from  this  source. 

Ordinary  winter  conditions  are  good  for  recording  gage  heights  at 
this  station.  The  range  of  winter  gage  heights  and  maximum  thick- 
ness of  ice  ol)served  are  as  follows: 

Range  of  xrinter  (jwje  heights  and  maximum   thickness  of  ice  on  Kennebec  River  at  A'ofil 

Ansmi,  Me. 


I      Gagp  height  to  water  surface. 
Date.  1- 

1 


I  Minimum. '  Maximum. 


903  4 '  2. 3 

904  r> 3.8 

'M)r>-i\ ;  3. 4  1 


HONDOl'T  (HKEK  AT  UOSENDALE,  N.  Y. 

This  station  was  esta})lished  July  0,  1901 .     It  is  located  at  the  high- 
way bridge  in  Rosendale  about  one-half  mile  downstream  from  the 
Wallkill  Valley  Railroad  station.     The  drainage  area  above  this  point 
is  880  square  miles.     There  is  some  diversion  through  the  Delaware  and 
Hudson  Company's  canal,  which  is  parallel  to  the  river  and  is  oper- 
ated during  the  summer  months  from  High  Falls  to  tide  water  in  Hud- 
son ]{iver  at  the  mouth  of  ilondout  Creek.     This  canal  receives  its 
supply  from  Rondout  Creek  at  High  Falls,  3  miles  upstream  froitt 
Rosendale,  but  a  large  percentage  of  this  diversion  returns  before 
reaching  the  gaging  station.     Observations  made  at  Creeklocks  of 
the  stage  of  water  in  the  canal  and  a  record  of  the  number  of  lockages 
afford  sufficient  data  to  estimate  the  flow  through  the  canal.     As  tb® 
canal  is  closed  during  the  winter  months,  it  has  no  effect  on  tb^ 
winter's  record. 

At  the  gaging  station  the  bed  of  the  stream  consists  of  rock  and  ii 
permanent.  The  channel  at  the  bridge  ranges  from  90  to  135  feet  in 
width  and  widens  out  considerably  both  above  and  below  the  bridge. 
It  is  straight  for  several  hundred  feet  each  way  from  the  bridge,  and 
some  rifts  about  1,000  feet  downstream  cause  slack  water  at  lo\s 
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^hen  measurements  are  made  at  a  ford  about  1  mile  below, 
inks  are  high  and  rocky  and  are  not  subject  to  overflow, 
•asses  under  the  bridge  at  all  stages. 

is  practically  75  feet  fall  from  the  diversion  dam  near  High 
>out  3  miles  above  the  station,  to  the  junction  with  Wallkill 
tbout  3  miles  below.  There  are  no  streams  of  importance 
into  Rondout  Creek  in  the  neighborhood  of  Rosendale.     The 

stages  observed  are  as  follows: 

Extreme  stages  observed  on  Rondout  Creek  at  Rosendale,  N.  Y. 


ne  range . 


Feet. 
19.40 
6.00 


13.40 


Dtscliarge. 


Second-feet. 
18,130 
50 


18,060 


)ut  Creek  usually  freezes  over  about  December  1  and  the  ice 
about  March  1 .  There  are  usually  two  or  three  freshets  dur- 
period  that  break  the  ice  up  and  in  most  cases  carry  it  out. 
3Cord  was  discontinued  November  7,  1903,  but  started  again 
ecember  1,  1905,  by  the  city  of  New  York.  The  1905-6  rec- 
w  that  the  river  was  not  closed  by  ice  until  about  February  3 
b  the  ice  went  out  February  22.  The  range  of  winter  gage 
md  maximum  thickness  of  ice  observed  are  as  follows: 

inter  gage  heights  and  maximum  thickness  of  ice  on  Rondout  Creek  at  Rosendale ^ 


Date.     , 

1      Gage  height  to  water  surface. 

Maximum 

thickneaa 

of  Ice. 

'  Minimum. '  Maximum. 

Range. 

Feet. 
2.40 
3.10 
.56 

Feet.              Feet. 
«.  9.'»  1             9. 35 

Feel. 
0.42 

ft.  ft*)               9.  &5 

.40 

5  04  '             5. 60 

.46 

1 

WALLKILL   RIVER    AT    NEWPALTZ,    X.    Y. 

itation  was  established  July  7,  1901,  and  was  discontinued 
er  19,  1903.  It  was  located  at  the  highway  bridge  in  New- 
ar  the  Wallkill  Valley  Railroad.  The  drainage  area  above 
it  is  736  square  miles.  The  measurements  were  made  from 
istream  side  of  the  highway  bridge  at  all  times  except  during 
high  water,  when  the  Wallkill  Valley  Railroad  bridge  about 
)elow  was  used.  At  low  stages  the  water  is  rather  slack  and 
cult  to  obtain  a  satisfactory  measurement.  The  bed  of  the 
}  composed  of  clay  with  large  cobblestones  and  some  bowlders, 
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and  is  permanent.  Upstream  the  channel  is  straight  for  400  or  500 
feet;  it  then  bends  rather  sharply  to  the  right;  downstream  it  is 
straight  for  several  hundred  feet.  The  right  bank  is  rather  high  and 
slightly  wooded,  and  does  not  overflow.  The  left  bank  is  of  medium 
height  and  is  subject  to  overilow  during  high-water  stages. 

The  principal  tributary  to  the  Wallkill  in  the  vicinity  of  New'palu 
is  the  Shawangunk  Kill,  which  enters  near  Gardiner,  about  7  miles 
above,  its  total  ilrainage  an^a  being  149  square  miles.  The  dam 
nearest  the  station  is  at  Walden,  about  12  miles  above.  At  low 
stages  slight  rapids  al)out  300  feet  below  the  bridge  cause  slack  water 
in  i)laces  and  affect  the  discharge;  at  extreme  high  w^ater  a  plain  on 
the  left  side  is  overflowed,  making  it  impossible  to  determine  the 
flow  at  this  point.     The  (extreme  stages  observed  were  as  follows: 

Eiirtme  stagctf  obstrvtd  on  Wallhill  River  at  XewpaUz^  N.  Y. 


High  water. 
Low  water. . 


Exlreriio.  range. 


Feet. 
24.8 
5.5 


19.3 


.^ 


24,5^* 


While  Wallkill  Kiver  frt^ezes  more  or  less  in  December,  there  are 
no  records  that  show  the  stream  to  be  completely  closed  before  Janu- 
ary, and  then  only  for  short  periods.  Several  discharge  measure- 
ments under  ic(»  cover  have  been  made,  some  showing  backwater 
from  ico  and  others  giving  fairly  good  results.  In  general^  however, 
the  river  is  partially  open  during  the  entire  winter  season,  except  in 
parts  of  January  and  February.  The  ice  usually  goes  out  about 
March  o. 

Ice  reconls  (m  Wallkill  li'urr  at  Xtwjxdtz,  A'.  Y. 

11)02. 
January  12,  wv  1.2  foot  tliick. 
Janiiarv  19,  ice  1.2  foot  thick. 
Jamiarv  2(>.  ice  1.2  feet  thick. 
Fohniarv  2,  i<r  1.3  foot  thick. 
March  1,  Inj^li  water. 

1903. 
I>ccml)<T  11,  1902,  to  January  4,  ice  alwmt  0.5  foot  thick. 
January  4-17,  ice?  0.S3  foot  thick. 
January  18  24,  ice  0.92  foot  thick. 
January  25-31,  ice  0.83  foot  thick. 
Fehnuiry  1-  2i\,  ice  1  foot  thick. 
February  2S,  ice  went  out  under  bridjre. 
Marcli  1-4,  ice  200  feet  above  and  300  feet  below  bridge. 
March  5,  river  clear. 
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The  range  of  winter  gage  heights  and  maximum  thickness  of  ice 
observed  are  as  follows: 

Baage  of  winter  gage  heightft  and  maximum  thickness  of  ice  on  WaUkiU  River  at  NewpaUZt 

N.Y. 


Date. 

Gage  height  to  water  surface. 

Maximum 

thickness 

ofioe. 

Minimum. :  Maximum. 

Range. 

Feet. 
11.30 
9.60 

U01.2..               

.     Feet.             Feet. 
7.20             18.50 
7.05             16.66 

Feet. 
1.25 

MOW 

.82 

WINOOSKI   RIVER   AT   RICHMOND,    VT. 

This  station  was  established  June  25,  1903.  It  is  located  at  the 
steel  highway  bridge  about  one-fourth  mile  from  Richmond  railway 
station  on  the  road  to  Huntington.  The  drainage  area  at  this  point 
is  885  square  miles.  The  bed  consists  of  sand  and  gravel  and  is  fairly 
permanent.  The  banks  are  fairly  high,  but  overflow  at  extreme  high 
wal^pr.  The  channel  is  slightly  curved  upstream,  but  straight  for 
1,000  feet  or  more  downstream.  It  is  about  175  feet  wide  at  the 
bridge,  and  somewhat  wider  above  and  below.  The  nearest  dam 
downstream  is  at  Essex  Junction,  about  8  or  9  miles  below  the  sta- 
tion, and  there  is  a  considerable  amount  of  undeveloped  fall  between 
these  two  points.  Upstream  the  nearest  dam  is  at  Bolton  Falls, 
about  7  or  8  miles  above  the  station.  The  extreme  stages  observed 
I  are  as  follows : 

Extreme  stages  observed  on  Winooshi  River  at  Richmond,  Vt. 


p8h  water, 
^w  water.. 


Extreme  range. 


Gace 
height. 


!  Discharge. 


Feet.  Second-feet. 
18.  7  '  4- 19.000 
3.  7  I  139 


15.0 


±18,861 


Winooski  River  in  this  vicinity  usually  freezes  during  the  first  part 
of  December  and  remains  frozen  until  about  March  15.  That  part* 
^jacent  to  and  below  the  bridge,  where  the  velocity  is  medium, 
freezes  first.  About  one-fourth  mile  upstream,  where  a  stretch  of 
quick  water  begins,  freezing  takes  place  considerably  later,  and  dur- 
nig  some  winters  a  permanent  ice  cover  does  not  form  here. 

The  contraction  in  the  channel  at  the  bridge  tends  to  cause  ice 
JWns,  and  low  velocity  just  below  favors  the  formation  of  thick  ice. 
During  the  January  freshet  of  1906  a  jam  affected  «:age  readings  dur- 
ing the  remainder  of  the  winter  season.  PI.  I,  J5  (p.  24) ,  shows  the  con- 
ditions at  the  gaging  section  March  9,  1906.     The  ice  is  extremely 
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rough,  broken,  and  tilted,  and  the  gage  heights  give  no  index  w 
ever  of  the  flow,  which  was  confined  to  about  one-third  the  ordii 
width  of  channel.  The  range  of  winter  gage  heights  and  maxin 
thickness  of  ice  observed  are  as  follows: 

Range  of  winter  gage  heights  and  maximum  thidmess  of  ice  on  Winooski  Rit€r  at 

Richmond^  Vt. 


Date. 


Qage  height  to  water  auvfaoe. 
Mlnimiun.  i  Maximum. 


1  J"^' 

1903-4 1  4.1* 

1904^ 4.86  I 

lya'Mi 4.9 


Feet. 


14.7 


Ifaxi 

thick 

R*nge.     '    of  i 


Feel. 
3.55; 

.75  I 
0.8 


Fet 


Ordinary  winter  conditions  are  rather  poor  for  estimates  of  floiw 
this  station  owing  to  the  liability  of  unstable  conditions.  Dui 
low  stages,  which  frequently  occur  in  winter,  the  change  in  discha 
is  considerable  for  a  slight  difference  in  stage,  and  a  slight  chanp 
the  controlling  ice  conditions  downstream  may  markedly  affect 
discharge : 

GAGE  HEIGHTS  AND  DISCHARGE  MEASUREMENTS. 

The  following  measurements  have  been  made  at  the  statioi 
described  above. 

Stream  meatturernenis  tin  ring  frozen  season. 


CATSKILL  CUKKK  AT  SOlTII  CAIRO.  N.  Y. 


Dato. 


Gage 
height- 


-!il- 


1901 
Dfieeml)er9 i  afiS  i 


1  ,  Feet 

I  ,  per  '  Sec. 

'  Feet. !  Sq.ft.    ««c.  '  feet.  \  Feet '  Frft 


1902  , 

January  15 90 

I 

190ft 
February  16 100 


.33 


110  I  3.30     2.14;} 

i 


148  I  3.fi0     2.R4 


I 
62     2.82  I  2.23 


Oagp  height 

nagehP^ 

111  wjiter 

lo  botU 

surf  AW. 

of  Ice. 

t  =s  ^ 

a 

1 

9 

ni  i 

f  S^ 

lall 

^ 

*t=.g 

i 

S""" 

! 

8ee.- 

See.- 

Feet 

FtEt 

fffi. 

fert,    . 

o.;{7 

m 

"■« 

66  ' 

1 

.M 

153 

,97 

1 

1 

.70 



■■jfl 

L.  n 

17 

a  QagiDg  made  70  yards  below  bridge. 
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Stream  meaturtments  during  frozen  season — Continued. 

CONNECTICUT  RIVER  AT  ORFORD,  N.  H. 


,  I  '  P^      S 

flOSL  I  Fret.    S^ff-     '^f'-     f* 


376 
'^ 
273 
276 
37S 
37§ 


y29 

LTJ-a.,,...:     2^D  i      «S1  !  LOT 


Ih76U 
1310 


Ftei 

P€T 

].fV9  I 
1.67 


nyj.   ..;|    241 

^* 1     W 

UTS ,'    23S 


1305. 
try  28. 


S4r  ,     .IN» 
JUS        fl5 


I 


236  ,      7T5       ,SS 
aas        7B4       .fl6 

235  '     m  I    oa 


yryM. ^  327  ' 

inrl* ;I77  i 

U I  3^7 

li 327 


l.fjSO 


LIT 

L14 
I.DK 
V04 


2,tiao 

2/WO 
2.Vgti 


750 
TflO 
7B{) 
7»6 


6Sfi 
76a 
73e 


2.250 

2.tM0 
1.6JtfJ 
L4fH) 


I    i 


s 
S 

•  o 

H 


7.m 
•.71 
fl.75 
7.30 
7.3a 


0.00 

&.« 

fi.£0 
6.f» 
6.09 


FetL 


7.4D  I  0,05 


^.aD  2.40 

4.17  2.37 

4.03  2,23 

a.  09  ±V& 

Am  2,n 

4.03  2.23 


4.07 
4  20 
4,25 


..S4 

e.56 
ft.  (Ml 


2.30 
2.40 
2.3& 


5.SJ 
hI.32 
5.U4 
4.M 
4.15 


2.03 

2.03 

2,<ja 
2.0a 
2,m 


2.0J 

2.(» 
2.00 


l.4i^ 
E.4S 


Gage  height        Gage  height 
to  water  to  i)ottom 

surface.  of  ice. 


—  o  o  iS'O  >  Z    —  o  £ 


Feti. 


A 
A 


Sec- 
feet.  ! 
4,B25 
4.»40 
4.®15 
4.  RIM)  j 

5,000  I 


1,8^  I 

i.7tK) : 

1,7«0  I 
K7«0  : 


lt7B0 
1^025 
1.918 


4.:!»0 
4.^40 
l,Q§0 
3,470 

H.noo 


ESOPUS  CREEK  AT  KINGSTON.  N.  Y. 


«L 

Mr  4 

flOl      . 
v9ii 

i*r  11 

Jprlc. 

003. 
Jl4rf„.., 

jy24'.... 

ry  15 


2H0 


100  ',  419 
116  i  70$ 
00  ,  404 
llA.e     1,170 


101.0 


90 


413 
44a 


287 


0,»4  23a:^,2N 

I  I 

2.39  ]p600     9.14 

i,  IS  47»     l,fiO 

2.06  3,460    L3 


1.03 

L47 


.a? 


42S 
654  , 


e.iF 


«.20  tl.063 


«.4E 
^.94 


.13 

.20 
.10 


6,32 
«.70 


aio    hm    ^A 


.6H 
.40 


.33 


70^ 

716  I 

2.flao  ( 

741 
864 


412  ' 


t.0> 
.62 
.63 
.61 
.60 
.61 


.4.5 
.45 
.43 
.44 
.43 
.43 


.40 
.39 


/eef. 

3.470 

2,H8:l 

2,075 

3, 170 

3,52!> 

3.f*20 


815 
SUt  , 
7:i8  I 
731 

ras  I 

738  I 

I 

770 
815 


51 

3*080  1 

52 

2,JilO 

50 

2.ft7l) 

48 

2.160 

49 

1.840 

0.86 
.91 
.90 
.86 
.85 
.86 


1.04 
1.05 
1.02 
1.05 
1.03 
1.04 


.94 
.91 


.76 
.80 
.79 
.78 
.81 


).72 

309 

0.76 

.73 

669 

.78 

.83 

1,900  1 

.89 

.64 

700 

.68 

65 

1 

.49 

638 

.67 

.69 

782 

.84 

FISH  RIVER  AT  WALLACRASS  ME. 


9()6. 
ry  15 

15..." 


95  I 

115 
115  j 


2a5 
205 
312 
319 


0.a5 
.96 
1.21 
1.22 


19.^) 
196 
:i7H 


a.  91    2.m 

•1.  ?H>     :\.  K\ 
.').0.H     ;i.«»2 


1.2.5 
1.25  I 
1.20  ' 
1.20 


0.  fi.'i 
.6,') 
.9 


I 


620 

620 

1,080 

1.1-25 


0..32 
.32 
. :« 
..35 


225  i 
225 
580 
r.20 


0.87 
.87 
.f>5 
.63 


M('a.><urennMits  taken  at  O.fi  depth.     No 


tly  frozen  over:  stations  20-70  and  110  11.')  open. 

lly  frozen  over:  stat  ons  0-25  and  110  110  (ii)en. 

?r  frozen  over  1.50  feet  below  br.dire  an<l  200  U-v\  above 

rdpe. 

ions  1.5-40  river  open. 

ions  12-40  r  ver  open;  ice  routrh. 

.— February  8  and  17,  river  partly  open  lor  a  short  distance  be'ow  bridge.     March  14  and  15». 
irtly  open  for  a  short  d'st.inco  lielow  bridge,  but  not  as  much  as  on  February  17 


i 
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Stream  mccuurements  during  frozen  season — Continued. 
KENNEBEC  RIVER  AT  NORTH  ANSON.  ME. 


|  =  j|   Sag  f  =  ;| 


Gage  height 

to  bottom 

of  ice. 


]!I04. 
Jantiary 

WArch  4 


1906.. 

January  0'« i  440 

January  10  « 440 

Marx'h? 1  44.5 

Man'li:i 445 

March:*) 447 

I>n 447 

AprllW' ;  450 

Do.6 450 


±1.11 
±1.M 

±  .» 
±  .« 


2,920 

.n 

3.020 

.n 

1,550 

.n 

1.37D 

.8t 

1,630 

.96 

1,420 

.07 

1,950 

.» 

1,990 

.n 

2.140 

.79 

2,140 

.80 

RONDOUT  CREEK  AT  ROSENDALE.  N.  Y. 


1901.  I 
DfcemborOf |  104  479|o.lft  223 

1902.  I 

January  14 105,  47©  .88  I  423 

Februarys 102  '  7:12  J,ft2  7:i2 

February  26 1  80  4S9  '  1. 1 M  54a 

Do 100  AIT  I  1.33  j  fiS4 

February  25 115  474  !.A    j  fi76 

1906.  i  ■  I 

Febniary  27 117  555  '  ,35  194 


fl.W 

11,  -  i 

7.00 
8.43 

7.tJl 

7.^ 

r.4o 

*B,U 

4.fil 

.47 
,40 
1.42 


.50 

,4e 


0.53  I 


540  .78  I  247 

^:f30  .31  ,  1,9a) 

I. BIO  .34  350 

1,930  I  .35  I  '549 


0.88 


1.71 
.40 
1.51 
1.24 


4,»70 


.15  885  I  .78 


WALLKILL  RIVER  AT  NEWPALTZ.  N.  Y. 


1901. 
December  II  /.  . 


l;« 


1902. 

January  21 80 

JanuarVzip 140 

January  31* 100 

FebniaVy  10 115 

February  24 8.') 

1903. 

February  7 140 

February  10  >....  142 

Febniary  26 1.30 


1.310 

2.32 

3.040 

11.. 50  1 10. 8 

1 
0.70    ... 

..i    3,830 

0.79 

3,250 

0.94 

423 

.78 

332 

7.24  '  6.04 

1.20    ... 

..i        860 

.39 

277 

1.20 

1.880 

3.22 

6.060    17..^3    16.41 

.92  |... 

..      9.290 

.65  ■ 

8,300 

.73 

679 

1.72 

1.170     9.07     8.07 

1.00    ... 

..      1,980 

.59 

1.330 

.88 

496 

1.20 

597     7.  78  ,  6.  78 

1.00  ,... 

..      1,160 

.51 

619 

.97 

.388 
1.070 

.74 
2.14 

288  ,  7.35  l*.').25 

2.10  .... 
.75  !... 

919 
..     3,580 

.31 

.64  1 

2.290 

! 
11.2     10.45 

2.970 

.77 

999 

2.a3 

2,030 

10.9       9.73 

1.17    ... 

..      3.330 

.61  j 

2,440 

.83 

757 

1.24 

945  1  8.85     7.8J) 

.%|... 

..      1,830 

.52  1 

1.230 

.77 

a  Frozen  except  for  narrow  channels  aboye  and  below  bridge. 
t>  Frozen  excejit  for  narrow  channel  near  left  bank. 

c  Ice  yar.cd  from  on«»-half  inch  to  5  inches  from  bank  to  bank  at  riff  just  below;  ice  extended  one-third 
way  acroM.s. 
d  l'>timated  from  j)reyious  measurements,  .same  date. 
'  Subje<'t  to  correction. 
/  Ice  cover  frf>m  stations  40-85. 
olvQ  badly  broken  at  .station  20. 
*  Ice  badly  broken  at  .station  110. 

<  Below  rating;  table:  water  considerably  aboye  top  of  ice.  * 

y  Stations  136-142  ojwn. 
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Stream  meafurements  during  frozen  season — Continued. 

W1N008KI  RIVER  AT  RICHMOND,  VT. 


2 

j 
.\rea  under  Ice.                   I 

1 

1 

o    ; 

l> 

■ 

Feet  1 
per 
sec. 
1.89 
2.30 

..«8 

1 

a 

Sec- 
feet. 
206 
262 

585 

i   i 

1 
FftL    Feet. 

S.4S     ZTO 

FaL 

±2.« 

J 
§ 

0 
0 

Gagp  hcl^t 
to  water 
nirfan. 

Ga«e  height 

tobottom 

oliw. 

Date. 

111 

Q 
feet. 

um 

L610 

£OQ^ 

If  £s 

li'ii 

\ 

n.t4 

.16 

as 

<i  d  ^ 

III 

feeU 

1905. 
Mtrth  .1 

'  Feet. 

'      75 

75 

1 

70 

114 
348 

llaroh4 

1906. 
March  9a 

"        '- 

•Channel  open  1,000  feet  upstream  and  one-hall  mile  downstream.    Ice  very  rough,  broken,  and 
tilted,  reaching  to  bottom  for  about  two-thirds  of  section. 

The  following  table  includes  some  single  sets  of  discharge  meas- 
urements, with  a  brief  description  of  the  conditions.  As  a  rule, 
these  are  insufficient  in  range  at  a  given  station  to  give  much  infor- 
mation, regarding  the  winter  rating  curve. 
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STATION  RATING  CURVES  FOR  ICE  COVER. 
GENERAL   CONSIDERATIONS. 

At  several  stations  sufficient  data  have  been  gathered  to  con- 
struct a  rating  curve  for  conditions  of  ice  cover,  applicable  to  aver- 
age ice  cx)nditions  within  the  range  of  winter  gage  heights,  but  the 
variation  in  form  of  curve  with  change  in  thickness  of  ice  is  still 
uncertain,  and  the  proper  rating  curve  or  coefficient  to  apply  for  the 
time  when  the  ice  is  thin  has  not  been  sufficiently  verified  by  gagings. 
A  station  rating  curve  for  conditions  of  ice  cover  must  evidently  be 
constructed  on  one  of  the  following  bases:  (1)  Gage  heights  to  the 
surface  of  the  water  as  determined  from  a  hole  cut  in  the  ice,  or 
2)  gage  heights  to  the  bottom  of  the  ice. 


f^o.  4.— Rating  and  velocity  curves  under  ice  cover,  Wallkill  River  at  Newpaltz,  N.  Y. 

^  figs.  4  to  6  are  shown  the  results  of  such  gagings  as  have  been 
made  under  ice  cover  at  three  gaging  stations,  the  gage  heights  being 
plotted  in  each  of  the  above  ways  and  the  open-water  rating  curve 
being  shown  for  comparison. 


WALLKILL   RIVER   AT    NEWPALTZ,  N.  Y. 

So  far  as  can  be  determined  at  present,  the  rating  curve  based  on 
?age  heights  to  the  water  surface  seems  to  give  the  best  results; 
that  is,  the  points  lie  more  nearly  on  a  smooth  curve  (fig.  4).  There  is 
"0  great  difference,  however,  except  in  tlie  case  of  the  lowest  gag- 
ing, in  which  the  thickness  of  the  ice  was  perhaps  only  half  of  the 
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distance,  2.1  feet,  from  the  water  surface  to  the  bottom  of  the  ic*. 
indicating  that  the  water  below  the  ice  was  under  some  pressure. 
It  will  ho  noticed  that  the  range  in  ice  thickness  is  not  large. 


1000 


2000  3000  4000 

DISCHARGE  -  CU.  FT.  PER  SEC. 


5000 


6000 


1904  DISCMARGE   MEASUREMENTS     ■      O 

1905  "  "  r      <• 

ryoe        "        .  "  •    • 

FIGURES    DENOTE  DISTANCE  FROM  WATER  SURFACE  TO  BOTTOM  OriC 
Fio.  5.— Rating  curve  under  ice  cover.  Kennel)ec  River  at  North  Anson  Me. 

KENXEBEC    RIVER   AT    XORTH   ANSON,  ME. 

The  effect  of  varj^ing  thickne^  of  ice  on  discharge  for  a  given  gage 
height  is  clearly  shown  (fig.  5) .  No  one  curve  can  be  drawn  ( hrough  the 
points  plotted  for  the  gage  heiglits  to  the  water  surface,  although  a  few 
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ings  would,  perhaps,  enable  a  series  of  curves  to  be  drawn 
snt  distances  from  the  water  surface  to  the  bottom  of  the 
3  preferable  to  use  these  distances  rather  than  thickness  of 
or  the  position  of  the  bottom  of  the  icfe  with  reference  to 
r  surface  is  not  only  dependent  on  the  ice  thickness  (in 
eing  about  92  per  cent  of  it),  but  will  also  vary  with  the 


1000 


5000 


0000 


2000  3000  4000 

DISCHARGE-CU.  FT.  PER  SEC. 

1903  DISCHARGE    MEASUREMENTS   -    0 

1904  »»  »»  -    O 

1905  "  »•  •   d 

1906  "  ••  -    • 
FIGURES  DENOTE  DISTANCE  FROM  WATER  SURFACE  TO  BOTTOM  OF  iCE 

'IG.  6.— Rating  curve  under  ice  rover,  Connecticut  River  at  Orford,  N.  H. 

I  and  thus  inchide  its  effect.     If  gage  heights  to  the  bot- 
e  ice  are  used  a  fairly  consistent  curve  is  obtained  for  tliis 


CONNECTIC  IT    RIVER    AT    ORFORD,  X.  II. 


ne  general  results  appear  liere  as  in  tlie  case  of  tlie  Ken- 
lough  the  range  of  ice  thickness  is  less  (fig.  0).     The  gagings  of      4 
1904  are  open  to  some  question,  owing  to  the  manner  in   m 
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SUMMARIES   OF   VERTICAL   VELOCITY   CURVES. 

The  mean  results  from  the  vertical  velocity  curves  (pp.  47-7 
have  been  arranged  in  three  groups — (1)  352  curves  for  smooth  i 
cover,  (2)  51  curves  for  rough  ice  cover,  (3)  13  curves  for  very  rouj 
ice  cover.  It  will  be  noted  that  in  some  cases  where  gage  heigl: 
were  approximately  the  same  for  different  sets  of  curves  they  ha 
been  combined.  There  is  little  difference  between  the  results 
groups  1  a»d  2,  but  as  rough  ice  cover  was  reported  for  group  2, 
seemed  best  not  to  include  it  in  the  larger  list. 
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FORM  OF  VERTICAL  VELOCITY  CURVE. 

For  an  ideal  cross  section  and  length  of  river,  the  difference  in 
velocity  at  different  points  in  a  vertical  section  is  due  to  the  differ- 
ence in  resistance  to  flow  met  with  by  the  filaments  of  water  at 
different  depths.  If  no  resistances  of  any  kind  existed,  the  vertical 
curve  of  velocity  would  be  a  straight  line  normal  to  the  surface  of 
the  stream.  If  bed  friction  and  the  incidental  losses  due  to  it  were 
the  only  resistances  to  flow,  the  vertical  velocity  ciure  would  prob- 
ably be  curved  in  the  lower  part  and  straight  in  the  upper  part,  the 
line  being  tangent  to  the  curve  at  that  point  in  the  vertical  where  the 
effect  of  bed  resistance  is  lost  (fig.  7,  a);  or  if  the  bed  friction  is  of 
sufficient  amount  relatively  to  the  depth  the  cwnre  might  be  continu- 
ous to  the  surface  (fig.  7,  6).  Varying  degrees  between  a  and  b 
would  be  met  with,  depending  on  the  relation  of  depth  to  velocity, 
condition  of  bed,  etc.  If  there  is  resistance  at  the  surface  due  to  air 
friction  only,  there  would  be  a  similar  effect  on  the  form  of  the  curve 


^  Wafer  surface 


(a) 


(b)  (c)  (d) 

Fio.  T.—Fonn  of  vertical  velocity  curves. 


(fi) 


from  the  surface  downward.  If  there  were  no  bed  friction,  the  form 
of  curve  would  be  as  in  fig.  7,  c,  or  some  modification  of  this,  as 
explamed  above. 

Resistance  to  flow  occasioned  by  the  roughness  of  the  sides  of  a 
stream  is  also  an  important  factor  in  determining  the  form  of  the  ver- 
tical velocity  curve,  especially  if  the  channel  is  narrow  and  deep. 
F.  P.  Steams*  has  advanced  the  theory  that  there  is  an  upward  flow 
toward  the  center  at  the  siuface.     He  says: 

I^t  us  first  suppose  the  case  of  a  single  obstacle  projecting  from  the  lining  of  a  channel. 
The  current  approaching  this  obstacle  loses  some  of  its  velocity  just  before  reaching  it,  and 
thereby  causes  an  excess  of  head  m  a  small  pyramid  of  water  just  above  the  projection. 

This  excess  of  head  in  turn  causes  a  transverse  flow  of  the  water  in  all  directions;  but  the 
stn>ngest  transverse  flow  will  be  in  the  direction  of  the  least  resistance,  which  is,  as  a  rule, 
vertically  toward  the  surface. 
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The  irregularities  upon  the  surfaces  of  even  the  smoothest  channel  linings  met  within 
practice  are  very  lai^  in  comparison  with  the  size  of  the  particles  of  water  striking  them, 
and  they  may  be  considered  as  obstacles  present  in  all  parts  of  the  lining,  each  tending  to 
produce  an  upward  flow,  as  above  indicated. 

Although  the  tendency  to  upward  flow  is  general,  yet  since  it  can  not  oeciir  without  i 
corresponding  downward  flow  to  replace  the  water  which  rises  it  follows  that  it  wiD  tab 
place  only  in  those  portions  of  the  width  of  the  channel  where  the  obstacles  producing  it  m 
the  more  frequent  and  nearer  the  surface — i.  e.,  generally  at  or  near  the  sides. 

It  is  therefore  the  theory  that  there  is  at  the  sides  of  channels  an  upward  flow,  due  to  the 
cause  already  described,  which  carries  with  it  the  slow-moving  water  always  found  in  the 
immediate  vicinity  of  channel  linings,  and  that  this  water,  reaching  the  surface,  flows 
toward  the  middle  of  the  channel,  retarding  by  its  slower  movement  the  velocity  of  the  8il^ 
face  layers,  thereby  causing  the  maximum  velocity  to  be,  in  most  cases,  below  the  sulfate. 

It  must  not  l)e  inferred  from  what  has  just  been  stated  that  the  writer  believes  there  isa 
continuous  (low  in  the  direction  indicated,  since  it  is  well  known  tliat  the  motions  of  water 
are  very  irregular,  particularly  in  channels  with  rough  linings  or  variable  sections,  and  that 
masses  of  >\^ter  fmd  their  way  from  the  bottom  to  the  surface  in  the  middle  of  the  chanofl 
as  well  us  elsewhere.  The  idea  which  he  wishes  to  convey  is  that  in  most  cases  the  resultants 
of  these  irrerular  movements  are  in  the  directions  indicated. 

The  tjT^ical  vertical  velocity  curve  for  open-water  conditions  (fig.  7,(0 
may  be  considered  as  due  to  a  combination  of  these  various  resist- 
ances,but  the  amount  and  direction  of  the  wind  may  change  greatly 
the  retardation  due  to  air  friction,  and  consequently  the  form  of  tb© 
cur\«e.  The  relative  effect  of  bed  and  surface  friction  will  be  in  a- 
measure  shown  by  the  difference  in  length  of  mn  and  or,  or,  in  othct 
words,  the  relation  of  surface  and  bottom  velocities  to  the  maximun' 
velocity.  If  there  is  an  ice  cover  the  upper  part  of  the  vertical  veloc 
ity  curve  will  be  still  more  curved  (fig.  7,  6),  and,  as  shown  later  (pp 
78-79) ,  may  even  be  more  pronounced  in  this  way  than  the  lower  part 

The  foregoing  statements  would  apply  to  a  straight  stretch  of  riv£* 
with  the  bed  approximately  parallel  to  the  water  surface.  The  usu^ 
uneven  conditions  of  bed  and  banks  have  a  modifying  influence  aa* 
tend  to  obscure  more  or  less  the  relative  effect  of  bed  and  surface 
friction.  This  relation  of  top  and  bottom  velocity  to  the  maximun 
will,  however,  serve  to  indicate  something  of  the  relative  amount  ol 
resistance  (hie  to  ice  cover  and  to  the  stream  bed,  and  will  be  briefly 
considered. 

For  open-water  conditions  the  results  from  78  vertical  velocity 
curves  under  various  conditions  at  gaging  stations  on  New  Yorl 
streams  are  as  follows  :<»  > 

lielaiion  ofioji,  mcuLimunif  and  bottom  tflocUyfor  open-uater  condiiums. 


Top 

Maximum. 
Bottom... 


Velocity  in 
t4?rms  of 

mean  veloc- 
ity-1. 00 

Difference 

maximum 
velocity. 

1.16 
1.18 

0.C 

.50 

.H 

a  SCO  Water-Slip,  and  Irr.  Taper  No.  7ii,  V.  S.  (Jwi.  Survey,  1903,  p.  25.  fig.  3. 
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The  relation  of  air  or  water  surface  friction  to  that  of  bed  friction 
s  here  f:Jf ,  or  0.044.  (Compare  with  Francis's  ratio  of  ui^r  for  still 
MT,  p.  16.) 

For  smooth  ice  cover,  the  comparative  effect  of  bed  and  ice  friction^..* 
is  shown  for  several  cases  in  the  following  table.     The  average  amount, 
of  resialance  due  to  ice  cover  is  0.58  of  that  due  to  roughness  of  bed, 
lut  there  is  considerable  variation  from  this  amount. 

Comparative  effect  of  bed  and  ice  friction  on  vertical  velocity  curves  under  smooth  ice  cover. 


1 

Difference   as  re- 
gards maximum 

Kiver  and  station. 

Gage 
height. 

Numlaer 
ofcur\'C8 

Average  i  Average 
depth.    1  velocity. 

velocity. 

Ratio  of 
1  to  2. 

Feet  per 

Top(l). 

Bottom 

(2). 

Feet. 

Feet.     I  second. 

Kmnebec,  North  Anson,  Me. . . 

3.48 

18 

2.6,         1.17 

0.22           0.62 

0.35 

4.17 

19 

2.5  1          1.30 

.30              .62 

.48 

4.77 

9 

2.9  '          1.33 

.40              .57 

.70 

Connecticut,  Orford,  N.  II 

4.16 

18 

4.0  1          1.04 

.50              .(iO 

.76 

5.50 

7 

4.6  1          1.08 

.27  ,            .72 

.38 

0.00 

7 

4.9  1          1.11 

.32               .72 

.44 

6.70 

21 

5.8  1          1.23 

.41               .65 

.63 

Fish.  Wallagraan.  Me 

3.91 

8 

2.5  ,            .90 

.23 

.51 

.46 

5.04 

8 

3.6  i          1.25 

.64 

.74 

.86 

Winooski,  Richmond,  Vt 

26 
5 

1.6            2.12 
8.0  1          2.18 

.59 
.37 

.77 
.65 

.77 

WaUloU,  Newpaltz,  N.  Y 

.67 

Mean 

.39 

.66 

.58 

1 

For  very  rough  ice  cover,  the  frictional  effect  of  ice  cover  is  the 
greater  of  the  two,  averaging  1.28  times  that  for  roughness  of  bed. 

Cothjnrotive  effect  of  bed  and  ice  friction  on  vertical  velocity  curves  under  very  rough  ice  cover. 


River  aad  station. 
1 

Numl^r 
of  curves. 

'  Difforenc 
gards  n 
Average    Average  1      velocit 
depth.    1  velocity. 

1                 .  Top  (1). 

e   as  re- 

[laximum 

Bottom 

(2). 

Ratio  of 
lto2. 

Hondout  Creelc.  Rosendale.  N.  Y 

W*Uklll.Newpalt»...N.  Y 

WinoosW,  RkSmond.  Vt 

Mean.  .        •  , 

4 

4 
5 

Feet. 
5.3 
14.6 
6.2 

Feet  per 
second. 

0.74            1.02 

2.98  .81 

1.99  1.11 

.98 

0.55 

.89 

1.05 

.83 

1.86 

.91 

1.06 

1.28 



1 

RELATION    OF   DEPTH    AND    VELOCITY   TO    FORM    OF   CURVE. 

It  is  evident  from  the  foregoing  tables  that  for  a  given  mean  veloc- 
ity the  vertical  velocity  curve  under  ice  cover  becomes  flatter  as  the 
Jepth  increases,  since  the  curvature  due  to  top  and  bottom  resistances 
s  distributed  through  a  greater  distance.  (See  fig.  13,  p.  83.)  For  a 
n'ven  depth,  as  the  mean  velocity  increases,  the  curvature  will  he- 
ome  greater,  as  both  top  and  bottom  resistances  increase  with 
elocity. 
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For  a  given  station  the  change  in  curvature  as  the  stage  in< 
will  depend  on  the  relative  increase  of  depth  and  velocity, 
case  of  Wallkill  River  (fig.   10)   the  depth  increases  consid 
faster  than  the  velocity,  and  it  will  be  noted  that  the  curve  bi 
flatter  as  the  stage  increases. 


COMPARISON    OF    VERTICAL    VELOCITY    CURVES,    WrPH    AND    WJ 

ICE    COVER. 

Fig.  8  affords  a  comparison  of  mean  vertical  velocity  cur^ 
conditions  of  open  water  and  ice  cover,  at  substantially  th( 
stations.     The  essential  difference  between  these  curves  is  the  \ 


o.zo 


0.40 

vaociTY 


0.60  0.80  1.00 

IN    TERMS    OF    ME/kN   VELOCITY  «  1.00 

Mean  of  7d  curves  tvithout  ice  coyer 

Mean  of  4^  curves  \/vith  ice  cover 


Fig.  8.— <'onii)ari8on  of  vortical  velocity  cun-os  for  streams  with  and  without  lc«  cov 

drawuig  back  of  the  curve  for  ice  cover  in  its  upper  portion,  on  a 
of  the  greater  retarding  effect  of  the  ice  over  that  of  air.  As  a 
quence  of  this  there  are  two  threads  of  mean  velocity,  viz,  at  0. 
0.71  of  the  depth,  for  ice  cover,  as  compared  to  one  mean  thi 
0.61  depth  for  the  open  section.  The  i)osition  of  maximum  v 
is  lowered  from  a])out  0.14  depth  in  the  case  of  open  section 
depth  with  ice  cover,  its  relative  vahie  as  regards  mean  velocity 
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\y  less  in  the  case  of  ice  cover.     The  bottoms  of  the  two  curves 
^  at  substantially  the  same  position,  as  woulJ  be  expected. 

With  very  rough  ice  cover  the  difference  between  the  two  curves 
P^coiues  still  more  pronounced,  and  the  drawing  back  of  the  curve 
^  its  upper  part  may  predominate  over  the  curvature  existing  in 
^^^  lower  part  due  to  roughness  of  bed. 


18 


POSITION   OF  THREADS   OF   MEAN    VELOCITY. 

\^^  data  in  the  table  on  pages  73-74  and  figs.  8  to  14  serve  as  a 
^'^  for  the  following  discussions,  except  where  special  reference 
^^de  to  other  material. 


<xzo 


a40  0.60  080  1.00 

VELOCITY    IN   TERMS   OF   MEAN    VELOCITY  =  1.00 


Jan.  to,  1906 


1.20 


Mt>»MT 

cunvts 

DEPTH 

ytLOcrrt 

S.4B 

/6 

26 

/./7 

4.n 

1$ 

2.5 

/.30 

477 

9 

2.9 

i.33 

Mar.  2,1306 

Mar.  30,1906 

Fig. 9.- Vertical  veltHJity  curves  under  ice  cover,  showing  cJiange  in  form  of  cur^'e  with  change  of  stage, 
Kennebec  River  at  North  Anson.  Me. 

The  average  of  352  vertical  velocity  curves  made  under  widely 
Faiying conditions  (pp.  73-74)  indicates  that  in  general  under  ice  cover 
^Fo  threads  of  mean  velocity  occur  in  the  vertical,  their  average 

position  being  at  0.10  and  0.71  of  the  depth  below  the  bottom  of 

^ie  ice. 
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The  depths  of  threads  of  mean  velocity  being  plotted  as  ordi- 
nates  and  the  total  depths  as  abscissas,  it  is  seen  that  there  is  s 
general  tendency  for  both  threads  to  move  toward  the  bottom  of 
the  curve  as  depth  increases.  A  similar  plat  for  depths  of  threads 
of  mean  velocity  and  for  mean  velocities  indicates  that  as  meaa. 
velocity  increases  both  threads  of  mean  velocity  become  lowereA- 
An  increase  in  stage  for  a  given  station  means  usually  an  increa^s^ 
of  both  depth  and  mean  velocity;  consequently  it  will  be  foiuc^ 


0.20 


0.40  ~      0.60  0.80  1.00  1.20 

VELOCITY     IN    TERMS    OF    MEAN    VELOCITY  - 1.00 


. Jan.  21,  I90Z 

Jan.  31, 1302 

fan.Z5.i90Z 


H|,I6HT 

OtPTH 

AVMMC 

wiiotrrv 

7.24 

6.7 

104 

9.01 

9.0 

2.16 

17.35 

21.5 

395 

Fig.  10.— Vortical  vohwity  curves  umiorico  cover;  nverago  of  cur^'o^  at  Htutions  80,90,100  for  different 
stages,  Wallkill  Rivor  at  Newpaltz.  N.  Y. 

that  both  threads  of  mean  velocity  tend  to  move  downward  as  the 
stage  increases.     (See  figs.  9  to  11.) 

The  range  in  position  of  mean  threads  seems  to  be  about  the 
same  for  both  upper  and  lower  threads,  being  about  0.18  depth 
(with  a  few  exceptions).  Moreover,  the  change  in  position  of  the 
two  threads  is  about  the  same  in  amount,  the  average  difference 
being  0.60  of  the  depth.  With  very  rough  ice  cover  the  tendency 
is  toward  greater  depression  of  both  mean  threads,  but  it  will  be 
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ed  that  they  still  preserve  about  the  same  distance  apart,  viz, 
0  depth.     (See  table  on  pp.  73-74,  and  fig.  14,  p.  84). 

SmON  OP  MAXIMUM  VELOCITY  AND  RELATION  TO  MEAN   VELOCITY. 

The  average  position  of  maximum  velocity  is  at  0.37  depth  below 
le  ice,  varying  from  0.19  to  0.52  depth.     In  general,  it  becomes 


0.40  (kW  080  1.00 

VELOCITY     m    TtRMS    OF    MtAN    VELOCITY  - 1.00 


*A6E    ' 

no  or- 

CUNVtft 

AVCRMC 

AVtMAt 

M.  /SOS 

4  15 

/f 

4.0 

1.04 

Feb.  J 906 

610 

2/ 

S.B 

/.« 

Mar.  1906 

6  00 

7 

4.9 

/.// 

Man  1906 

S.S9 

7 

4.6 

I.OS 

1o.  II.— Vertical  velocity  curves  under  Ico  cover,  showing  change  in  form  of  curve  with  change  of 
stage.  Connecticut  River  at  Orford.  N.  II. 

)H'cr  as  the  depth  and  velocity  increase  and  hence  as  the  staj^e 
icreases.  Rough  ice  cover  tends  also  to  lower  the  depth  of  the 
aximum  thread,  and  when  the  ice  becomes  broken  and  tilted  or 
hen  needle  ice  accuiriulates  near  its  under  surface  the  thread  may 
considerably  below  mid  depth,  indicating  a  greater  effect  due  to 
i  friction  than  to  that  of  the  stream  bed;  in  other  words,  the 
rve  is  a  complete  reversal  of  the  ordinary  open-water  vertical 
'ocity  curve. 
jsB  187—07 6 
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The  average  coefTicient  to  apply  for  obtaining  maximum  be 
mean  velocity  is  0.839,  the  variation  being  from  0.76  to  0.90.  Tl 
coefficient  becomes  less  as  the  velocity  increases,  but  greater  as  1 
depth  increases,  consequently  its  variation  from  the  mean  is  i 
large  for  smooth  ice.  For  rough  ice  it  is  considerably  diminisi 
and  may  reach  a  value  of  0.75. 

RELATION   OF   VELOCrTY  AT   MED  DEPTH  TO  MEAN   VELOCITY. 

The  average  coefficient  for  obtaining  mean  velocity  from  thai 
mid  depth  is  0.878,  the  range  being  from  0.82  to  0.92.     The  ra 
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Fio.  12.— Vortical  velocity  curves  under  Ice  cover,  Fish  River  at  Wallagrass,  Me. 

in  values  for  this  coefficient,  like  that  for  maximum  velocity, 
small,  as  the  tendency  is  for  it  to  increase  directly  with  the  de] 
and  inversely  with  the  velocity;  consequently  for  a  given  stat 
little  variation  occurs  as  the  stage  changes.  Nearly  this  same  a\ 
age  relation  was  found  on  the  upper  Mississippi  by  A.  O.  Pow 
assistant  engineer,  under  the  direction  of  Col.  Charles  J.  Allen,  Co 
of  Engineers,  IT.  S.  Army,  in  1882  and  1890,^  the  variation   be 

a  Ann.  Rcpt.  Chief  of  Engineers.  U.  S.  A.,  1890.  pt.  3.  p.  2104. 
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between  0.87  +  and  0.88  + .  No  data  are  given,  however,  as  to  con- 
ditions of  depth,  velocity,  or  bed  of  stream.  The  coefficient  for 
obtaining  mean  velocity  from  that  at  mid  depth  becomes  less  for 
very  rough  ice,  just  as  in  the  case  for  maximimi  velocity,  the  aver- 
age value  for  the  13  curves  being  0.82,  with  a  range  of  from  0.76 
to  0.85. 

BELATION    OF   MEAN    OF  VELOCrTIES   AT   0.2  AND   0.8   DEPTH   TO   MEAN 

VELOCIFY. 

The  average  coefficient  for  obtaining  mean  velocity  from  the  mean 
of  the  velocities  at  0.2  and  0.8  depth  is  1.002,  the  range  being  from 
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Fig.  13.— Effect  of  depth  on  form  of  vortical  velocity  curves  under  Ice  cover. 

0.98  to  1.04,  there  being,  however,  but  one  set  of  curves  with  a 
greater  value  than  1.02.  This  relation  is  shown  graphically  by  con- 
necting the  0.2  and  0.8  depth  points  of  the  mean  vertical  velocity 
curves  and  noting  where  this  line  crosses  the  horizontal  at  0.5  depth. 
(See  figs.  8  to  13.) 

In  general,  this  coefficient  seems  to  decrease  slightly  as  gage 
heights  increase.  (See  figs.  8  to  1 1 ,  and  tal)le  on  pp.  73-74.)  For  very 
rough  ice  cover  the  mean  value  is  1.002,  the  range  being  from  1.00 
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to  1.04,  indicating  that  rough  ice  tends  to  increase  this  coefficient 
slightly. 

The  typical  vertical  velocity  curve  for  open-water  conditions  cor 
responds  approximately  in  form  with  an  ordinary  parabola  drawi 
through  top,  bottom,  and  mid-depth  points  of  the  curve  and  wit 
axis  horizontal.  The  mean  ordinate  to  this  parabola  is  a  mean  ( 
the  ordinates  at  0.22  and  0.79  of  the  depth,  and  it  is  evident  thi 
the  mean  of  the  ordinates  at  0.2  and  0.8  depth  would  always  I 
less  than  the  true  mean  ordmate,  so  that  if  the  vertical  velocii 
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Fio.  14.— Effect  of  very  rough,  broken,  and  tilUni  leo  on  form  of  vertlciil  velocity  corves  under  ice  coi 

curve  were  truly  parabolic  the  coefficient  for  this  method  won 
always  be  slightlj^  greater  than  1.00.  Usually  the  parabola  past 
wholly  to  one  side  of  the  actual  curve  above  mid  depth  and  on  t 
opposite  side  below  mid  depth,  the  resulting  eflFect  being  that  t 
mean  of  the  velocities  at  0.2  and  0.8  depth  ordinarily  gives  close 
the  mean  velocity  for  the  vertical. 

For  ice  cover  the  vertical  velocity  curve  diverges  markedly  frc 
a  parabola  drawn  as  described  above.     The  results  of  the  table 
pages  73-74  seem  to  indicJEtte^  however,  that  this  relation  holds  ahnc 
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as  well  for  curves  under   ice  cover   as  with  open  section,  and  the 
0.2  and  0.8  method,  as  it  is  called,  seems  to  have  much  promise  as 
n  two-point  method,  being  both  reasonably  accurate  and  convenient 
for  use. 
The  range  of  variation  in  the  reduction  of  coefficients  is  as  follows: 

Range  ofeoefficicnt  to  reduce  to  mean  velocity. 

Mtximum 0. 14 

Middepth 10 

05  and  Oii  depth 06 

The  accuracy  of  the  method  being  assumed  to  be  proportional  to 
the  square  root  of  the  number  of  observations,  and  either  of  the  single- 
point  methods  being  adopted  as  a  basis,  the  computed  probable  range 
of  error  for  the  two-point  method  would  be 

Range  for  single  point 
__  , 

or,  as  compared  with  maximum  point,  the  range  would  be  0.099 ;  with 
mid-depth  point,  the  range  would  be  0.071.  The  actual  range  of 
variation  for  the  two-point  method  is  considerably  smaller,  indicating 
that  it  has  a  greater  accuracy  as  compared  with  single-point  methods 
than  can  be  attributed  to  the  use  of  two  observations  instead  of  one. 


PEBCENTAGE  VARIATION    IN    OBSERVATIONS   AT   DIFFERENT   DEPTHS. 

In  general  the  top  and  bottom  of  the  vertical  velocity  curve  is  most 
pooriy  determined,  because  greater  variations  occur  in  velocity  in 
these  portions  of  the  curve.  The  0.5  depth  method  has  the  advantage 
of  utilizing  a  depth  of  observation  at  which  variations  in  velocity  are 
least  apt  to  occur. 

As  bearing  on  the  variations  between  successive  observations  at  0.2 
Mid  0.8  depth,  the  following  table  gives  results  from  two  sets  of  curves 
where  independent  observations  were  made  at  these  depths  just  after 
the  curves  were  completed : 

Variation  in  obsenxUions  ai  OJ^  and  0.8  depth  ^  Connedictit  River  at  Orfordj  N.  11.  j  meter 

suspended  frotn  cable. 
MARCH  14,  1906,  GAGE  HEIGHT,  6.00. 


0bscr\'ed  velocity. 

Ratio:  Velocity  from 

curve. 


Average  of  7  curves . 

Higbwt 

Lowest 


0.2 
depth. 


1.07 
AU 


Ratio  of  velocity 
determined  by 
tJie  0.2  and  0.8 
method  to  the 
mean  velocity. 


0.8 
depth. 


i.a'> 

.05 


Actual    I 
observa- 
tion.'! 


1.013 
1.01 
.98 


From 
curve.'* 


Depth 

under 

ice. 


Feet. 
1.0O4  !  ri.O 

1.02     I  6.3 

.  W>    I  3. 5 


Mean 
veUx-ity. 


Feet  i)er 

second. 

1.10 

1.39 

..56 


o  Mean  from  0,2  and  0.8  velocity  as  obwrvcd. 

fr  Mean  from  0.2  and  0.8  vehxity  taken  from  vertical  veknity  curve. 
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Variation  in  obttenxUiona  at  0£  and  0^  depths  Oonneelicut  River  at  Orfordf  N.  fl.,  vmUt 
suspended  from  cable — CoDtinued. 

MARCH  15,  1906,  GAGE  HEIGHT  5.50. 


Arcram  of  7  curves 

Highest 

Lowest 


Observed  velocity 

Uatio:  Velocity  from 

curve. 

Ratio  of  velocity 
determined    by 
the  0.2  ahd  0J» 
method  to  the 
mean  velocity. 

0.2 
depth. 

1.006 
1.04 
.05 

0.8 
depth. 

0.074 
1.13 
.90 

Actual 
observa- 
tion. 

From 
curve. 

i.cn 

1.06 
.97 

1.008 

1.01 

.99 

under 


ice. 


Feet. 
4.6 
5.7 
3.2 


velocity. 


Fedper 


LOB 
.51 


Ratio  of  vekK'itics  obtained 
I  m  first  Hnd  soeoiid  gagings. 

0.2       I       0.8       ' 
I   depth.    I   depth.    | 


I 

Average  of  I  atutionK.  obsen'ations  at  0.2  and  0.8  I 

deptli i 

II  ighcst ; 

Lowe.st I 

Average  of  4  statioii.s,  vertical  velocity  curves i. 

H  Ighcst I . 

Lowest ! . 


I 

I 
1.002  , 
1.06  I 
.IW     1 


0.972 
1.08 

.91     I 


•| 


Blned 
inga. 

[can 

Depth. 

Feet. 

0.990 

2.6 

1.05 

4.1 

.94 

.0 

0.978 

2.5 

1.01 

3.6 

.95 

1.3 

As  would  be  expected,  the  actual  observations  at  0.2  and  0.8  depth, 
when  used  to  obtain  mean  velocity,  give  a  larger  percentage  varia- 
tion in  coefficient  than  do  the  curve  values  at  these  depths,  but  the 
average  variation  is  small  and  far  within  the  degree  of  accuracy 
required. 

A  further  index  of  the  amoimt  of  variation  in  observations  at  0.2 
and  0.8  depth  is  afforded  by  two  successive  gagings  made  February 
15,  1906,  on  Fish  River  at  Wallagrass,  Me.,  under  ice  cover,  when  the 
gage  heights  height  remained  the  same. 

Comparison  of  r'^iocitiea  for  tux)  separate  ^agings  on  Fish  River  at  Wallagrass,  Me.^  gage 
height  '1.9 1,  meter  fastened  to  rod. 

FEBRUARY  15,  1906.  (JA(JK  IIKIGIIT  3.91. 


Mean 
velocity. 


Feet  per 

second. 

0.8S 

1.10 

.62 

.90 

1.18 

.86 


Other  details  of  these  gagings  are  given  on  page  53.  It  will  be  noted 
that  the  depths  are  small  and  that  in  order  to  get  0.2  and  0.8  depth 
the  meter  had  to  be  held  within  a  range  of  0.2  to  0.8  feet  from  the 
bottom  of  the  ice  and  the  bed  of  the  river.  The  average  variation  in 
the  results  of  these  two  sets  of  velocities  at  0.2  and  0.8  depth  is  small 
and,  in  fact,  is  less  than  in  the  case  of  the  vertical  curves. 
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iLOPK   DETERMINATIONS  AND  VAIiUEH   OF  n  IN  KUT- 
TER'8    FORMUIiA,   UNDER    ICE    CONDITIONS. 

In  1906  two  sets  of  slope  determinations  and  measurements  of  the 
her  hydraulic  properties  were  made  on  Connecticut  River  at 
rford.  N.  H. 

February  17 j  1906, — River  in  general  frozen.  A  strip  of  open 
Iter,  beginning  at  bridge,  extended  about  1,000  feet  downstream. 
lis  was  about  100  feet  wide  and  approximately  in  the  middle  of  the 
annel.  The  ice  was  rough  in  places  and  numerous  ice  cakes  were 
)zeii  in,  owing  to  high  water  and  a  partial  going  out  of  the  ice  during 
nuary.  There  were  about  1 1  inches  of  snow  on  the  ice. 
Bench  marks,  consisting  in  most  cases  of  spikes  in  trees,  were 
tablished  along  each  bank  by  a  doublc-rodded  line  of  levels, 
undings  for  determination  of  cross  section  were  made  at  100  feet, 
Ofeet,  and  516  feet  upstream  from  the  gage.  The  level  was  set  on 
e  ice  in  the  middle  of  the  river,  and  water-surface  elevations  were 
tennined  on  both  banks  at  each  section  at  holes  cut  in  the  ice.  The 
[lowing  table  gives  results  of  the  best  set  of  observations : 

^ dderminations  and  value  of*'n**(m  Connecticut  River  at  Orfordj  N.  11.,  February  17, 

1906. 


«e height  to  water  surface,  6.65  feet:  gage  height  to  bottom  of  ice.  5.15  feet;  ( 
6.67  feet;  discharge.  2.070 second-fcca.] 

?age  height  to  top  of  ice 

'IS- 

^    Width 
,7,  below 

Dm  1    »^*- 

1             1              j                1  tions. 

Differ- 
ence in 

eleva- 
tion of 

water 
surface. 

Slope. 

Aver- 

Ty. 

draulic 
ra- 
dius. 

Feet. 
3.12 

2.70 

1 
Aver- 

vr.  - 

ity. 

rf.    '   Feet. 

sw!       302 
^1       340 
too         329 

8q.  ft. 
2.110 
1,890 
1,730 

Ft.per 
tec. 

0.98 

...0 

1 

Feet.   1    Feet 
605          3.49 
685          2.76 

659          2.63 

1 

Feet. 
266 

}      150 

Feet. 
0.026 

.043 

0.000098 
.000287 

Ft.  per 
sec.    1 

1.04  0.030 
1.15  1  .042 

i 

March  15,  1906. — The  conditions  were  about  the  same  as  during 
>ruary,  but  the  strips  of  open  water  were  considerably  shorter  j;nd 
rower.  There  was  no  snow  on  the  ice.  Iron  rods  4  or  5  feet  long 
e  driven  into  the  bank  to  within  about  6  inches  of  the  water  sur- 
!  in  holes  cut  in  the  ice.-  These  were  located  on  each  bank  at  sec- 
s  100  feet,  296  feet,  and  516  feet  upstream  from  the  gage  and  the 
ation  of  the  tops  was  determined  by  several  series  of  levels. 
5urements  were  then  made  from  those  points  to  the  water  surface 
1  a  2-foot  rule.  Independent  observations  were  made  at  each 
It  by  two  men,  each  man's  sot  being  averaged  separately  and  the 
n  of  the  two  sets  being  finally  used.     The  results  wore  as  follows : 


88 


STREAM    FLOW    DURING    THE   FROZEN   SEASON. 


Slope  determinations  and  value  of**n**on  ConnectiaU  River  ai  Orford,  N.  H.,  Marth  IS, l^ 

{GagR  height  to  wator  surfaop,  5.fi2  fi«t;  gasR  height  to  bottom  of  loe,  4.18  feet;  gage  height  totopo(i« 
6.67  foet;  discharge,  2,070  aeoond-foet.] 
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Conclusions, — The  mean  value  of  n  for  the  February  obsevation- 
0.036,  and  for  the  March  observations  is  0.031.  The  March  series  ' 
much  the  more  reliable  of  the  two. 


DATA    FR03I    OTIIEU    SOURCES. 

Up  to  the  present  time  very  little  information  has  been  publisl 
on  the  flow  of  streams  under  ice  cover,  other  than  that  gathered 
the  United  States  Geolo^^ical  Survey.  ^ 

Raucourt  made  experiments  on  the  Neva*^  at  a  point  where  it  is  G 
feet  wide  and  of  regular  section,  the  maximum  depth  being  63  fe 
Wlien  thc^  river  was  frozen  over  the  maximum  velocity  (2  feet 
inches  per  scvond)  was  found  a  little  below  the  middle  of  the  deep 
vertical.  It  was  somewhat  less  than  double  the  velocity  at  the  si 
face  and  bottom,  which  were  nearly  equal  to  each  other. 

The  United  States  Engineer  Corps^  recently  made  some  curre: 
meter  measurements  of  flow  under  ice  cover  on  St.  Marys  River. 

No  details  of  the  observations  are  given,  but  the  general  resu 
were  as  follows:  ( 1)  The  location  of  the  threads  of  mean  velocity  v 
found  to  be  at  0.067  and  0.753  depth.  (2)  The  maximimi  veloc 
was  found  to  be  at  approximately  0.4  depth.  (3)  The  friction  cauf 
by  the  ice  was  found  to  be  0.309  of  that  caused  by  the  bottom. 

Further  measurements  imder  ice  cover  on  St.  Marys  River  wi 
made  during  1905,  but  have  not  yet  been  reported  for  publication. 

Considerable  data  on  conditions  in  the  frozen  period,  duration 
the  frozen  season,  etc.,  may  be  found  in  the  proceedings  of  the  Int 
national  Meteorological  Congress,  Cliicago,  1893.^ 

a  Wat<»r-Sup.  and  Irr.  PajxTs  Nob.  7«  (IWXn  and  a=>  (1W4). 

b  Humphreys  and  Abbot.  Phymcs  and  llydraulic?  of  MisslBnippl  River,  p.  190. 

c  Rept.  Chief  of  Engineers  lor  1897,  p.  4092. 

««The  four  great  rivers  of  Siberia:  Bull.  U.  S.  Weather  Bureau  No.  n,  18B3. 
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CONCI-U8ION8. 

PRACTICABILITY  OF  WINTER  ESTIMATES  OF  FLOW. 

The  classification  of  current-meter  gaging  stations  on  page  9  indi- 
cates that  about  one-sixth  of  them  remain  open  during  the  winter 
and  permit  about  the  same  degree  of  accuracy  for  winter  estimates 
as  for  those  'of  the  summer;  they  can,  therefore,  be  classed  with  sta- 
tions south  of  the  area  subject  to  ice  cover.  About  one-third  of  these 
stations  usually  have  a  smooth,  permanent  ice  cover,  and  it  is  prob- 
ably fair  to  assume  that  this  is  about  the  proportion  at  which  winter 
estimates  that  will  be  fairly  reliable  can  be  made  without  too  great 
cost.  Undoubtedly  there  is  a  further  number  of  stations  where  good 
estimates  can  be  made  if  sufficient  attention  is  given  by  the  hydrog- 
rapher,  and  particularly  if  an  intelligent  gage  reader,  with  ability  to 
note  and  sketch  conditions  affecting  flow,  is  available. 

Stations  at  dams,  in  general,  give  less  trouble  during  the  winter 
than  current-meter  stations,  and  this  should  be  kept  in  mind  where 
there  is  any  question  as  to  which  form  of  station  is  preferable. 

RECOMMENDATIONS  AS  TO  METHODS. 

The  study  of  the  flow  of  streams  under  ice  cover  is  but  just  started, 
and  in  order  to  systematize  the  accumulation  of  data  and  to  provide 
the  material  in  convenient  form  for  future  use  it  is  desirable  that 
certain  general  methods  be  followed. 

The  methods  of  obtaining  gage  heights  used  should  be  as  described 
on  pages  21-23,  and  the  observer  should  be  especially  encouraged  to 
note  any  unusual  conditions  affecting  flow,  furnishing  sketches  where 
desirable.  It  should  be  kept  in  mind  that  what  is  desired  is  the 
o>verage  thickness  of  ice,  distance  from  bottom  of  ice  to  water  surface, 
etc.,  for  the  portion  of  the  river  near  the  gage,  and  that  the  hole  cut 
in  the  ice  should  be  so  located  as  to  give  average  results;  preferably, 
several  holes  should  be  cut  from  time  to  time.  The  cost  of  current- 
naeter  measurements  under  ice  cover  can  be  kept  within  reasonable 
limits  by  employing  laborers  when  necessary  to  cut  holes  in  the  ice, 
so  as  to  utilize  to  better  advantage  the  time  of  the  hydrographer,  and 
by  using  the  two-point  method  of  observations  at  0.2  and  0.8  depth, 
with  a  few  vertical  velocity  curves,  if  possible,  for  purposes  of  study. 
In  case  time  is  short  a  single  observation  at  0.5  depth  will  give  fairly 
good  results,  the  coefficient  0.88  being  applied,  or  if  a  few  vertical 
curves  have  been  taken  a  closer  value  of  the  coefficient  can  be  deter- 
mined from  them. 

By  following  the  above  suggestions  the  total  time  required  for  a 
gaging  will  not  be  usually  more  than  half  a  day,  and  the  cost  will  be 
but  little  greater  than  that  for  a  gaging  under  open-water  conditions. 
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For  depths  less  than  5  feet  it  is  desirable  to  use  the  current  n 
fastened  to  a  rod  for  convenience  in  handling  and  in  order  tha 
depth  may  be  reached;  in  fact,  this  method  is  generally  preferab 
the  use  of  a  cable  where  depths  and  velocities  are  not  too  great. 

Vertical  velocity  curves  should  be  taken  at  typical  points  ir 
cross  section  when  time  permits  just  as  for  open  water.  These  si 
always  be  taken  just  before  or  after  the  two  or  one  point  observa 
at  the  point  in  question  to  give  further  information  as  to  the 
accuracy  of  these  methods,  the  observations  by  the  point  metho< 
being  incorporated  in  the  vertical  velocity  curve. 

Rating  curves  should  be  constructed  in  each  of  the   two 
described  on  pages  43-46,  and  the  method  which  seems  to  give  the 
results  should  be  used.     Special  efforts  should  be  made  to  ol 
gagings  for  thin  ice  cover  for  the  purpose  of  better  defining  the  rj 
curve  or  coefficient  to  use  under  such  conditions. 

It  is  believed  that  the  methods  previously  indicated  for  disct 
measurements  (pp.  22-24)  will  give  results  well  within  the  degr 
accuracy  consistent  with  winter  estimates  of  flow,  and  that  less 
need  be  spent  hereafter  on  individual  gagings.  This  will  make  it 
sible  to  give  more  attention  to  the  study  and  completion  of  statior 
ing  curves — the  direction  in  which  the  most  effort  should  be  expei 
in  the  inunediate  future. 
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WATER  RESOURCES  OF  THE  RIO  GRANDE  VALLEY  IN 
NEW  MEXICO,  AND  THEIR  DEVELOPMENT. 


By  Willis  T.  Lee. 


INTRODUCTION. 

The  investigations  described  in  this  paper  were  undertaken  for  the 
purpose  of  gathering  information  which  might  aid  in  the  develop- 
ment of  the  water  resources  of  the  Rio  Grande  Valley  in  New  Mexico. 
iNvo  general  lines  of  observations  were  followed,  one  pertaining  to 
Underground  waters  and  their  utilization,  the  other  to  the  storage  and 
conservation  of  the  surface  waters.  The  work  was  done  during  the 
field  seasons  of  1904  and  1905  under  the  general  direction  of  Mr. 
N.  H.  Darton.  The  area  examined  extends  along  the  Rio  Grande 
from  the  southern  boundary  of  New  Mexico  northward  to  Santa  Fe. 

The  valley  of  the  Rio  Grande,  lying  west  of  the  Rocky  Mountain 
uplift,  extends  in  a  north-south  direction  through  a  part  of  New  Mex- 
ico which  is  characterized  by  comparatively  small  and  more  or  less  iso- 
lated mountain  groups  separated  by  basinlike  depressions  partly 
filled  with  rock  debris.  The  valley  is  a  part  of  the  semiarid  region  of 
the  southwestern  part  of  the  United  States,  in  which  the  rainfall 
is  insufficient  for  agriculture  without  irrigation. 

A  comparatively  small  amount  of  the  water  derived  from  the  moun- 
tains to  the  north  sustains  a  small  but  permanent  flow  in  the  river 
in  the  northern  part  of  the  region,  but  this  water  gradually  disappears 
and  the  river  bed  in  the  southern  part  is  often  dry. 

The  Rio  Grande  is  essentially  a  storm-water  stream,  subject  to 
great  and  sudden  floods.  Within  the  area  described  only  three  per- 
manent streams — the  Rio  Puerco,  Rio  Jemes,  and  Galisteo  Creek — 
enter  the  Rio  Grande,  and  their  discharge,  except  in  times  of  stortn, 
is  comparatively  small.  The  rainfall  in  the  region  occurs  principally 
in  the  form  of  violent  showers  or  '^cloud-bursts,"  which  fill  the  dry 
stream  courses  with  turbulent  floods  of  short  duration.  When  these 
showers  occur  simultaneously  in  many  parts  of  the  region  they  cause 
more  or  less  destructive  floods  in  the  river.  For  these  reasons  the 
fertile  irrigable  lands  along  the  river  are  sometimes  unpft-oductive 
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for  want  of  water  and  at  other  times  crops  are  ruined  because  the 
fields  are  suhnior^c^d  or  irrigation  ditches  destroyed  by  floods. 

Much  of  the  diminution  in  the  volume  of  flow  downstream  is  due  to 
the  fact  that  a  hir^e  part  of  the  water  of  the  river  sinks  beneath 
the  surface  into  the  porous  material  of  the  valley  bottom.  Many  of 
the  tributary  stream  courses  that  are  dry  where  they  join  the  river 
contain  flowinti:  water  in  their  upper  reaches,  the  water  sinking 
beneath  the  surface  when  it  reaches  the  detrital  material  of  the  valley. 
The  water  entering  the  ground  from  the  river  and  from  the  trib- 
utary streams  is  sufficient  in  volume  to  warrant  its  development  for 
irrigation. 

GKOORAPHY. 

RELATION  TO  OTHER  REGIONS. 

New  Mexico  consists  of  four  general  geographic  provinces— the 
phiins,  occupying  its  eastern  part:  the  Rocky  Mountain  province 
occupying  its  central  part;  the  plateau  province,  in  its  northwestern 
part :  and  tlie  l)asiii  range  province,  in  its  southwestern  part.  The 
itocky  Mountains  proper  terminate  in  northern  New  Mexico,  but  the 
general  mountain  uplift  extends  southward  across.the  Territory  asi 
succ(»ssion  of  comparat  ively  small  mountain  groups.  The^se  have  not 
been  generally  n^'ognized  as  j)arts  of  the  Rocky  Mountains,  altho 
they  l)elong  to  th(»  same  general  system.  The  Rio  Grande  region  lies 
between  the  Kocky  ^b)untain  province  on  the  east  and  the  plateau 
and  basin  range  })rovinces  on  the  west. 

EASTERN   MARGIN. 

Th(*  crest  of  the  ]{ocky  Mountain  uplift,  consisting  of  the  souther^ 
extremity  of  the  Rocky  Mountains  proper,  the  Sandia  and  MontosO 
mountains,  Sierra  Oscura,  San  Andreas  Range,  and  the  Organ  and 
Franklin  mountains,  form  the  eastern  boundary  of  the  area  here  de< 
scribed.     Tlie  uplift  becomes  progressively  lower  toward  the  soutb» 
tlie  maxinnim  altitudes  varying  fi'om  1 1^,000  feet  in  the  Rocky Moun" 
tains  east  of  Santa  Fe  to  7,000  feet  in  the  Franklin  Mountains  in  th^ 
southern  part  of  the  region,  and  the  minimum  altitudes  from  7,500 feet 
in  (ilorietta  Pass  near  the  northern  end  of  the  region  to  3,700  feet  at 
the  soutliern  end  where  the  Rio  Grande  cuts  through  the  uplift  at  The 
Prfss.    The  rocks  consist  of  granites  and  sedimentary  rocks  that  range 
in  age  from  pre-Cambrian  to  Tertiary. 

WESTERN  MARGIN. 

The  western  margin  of  the  Rio  Grande  Valley  is  much  more  irregu- 
lar than  the  eastern  margin,  in  both  outline  and  altitude.  It  is 
formed  bv  the  Jemes  Mountains  at  the  north,  by  the  Ladron,  Socorro, 
Magdalena,  and  San  Mateo  mountains  in  the  central  part,  and  by  the 
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report,  but  from  the  summit  of  the  Potrillo  Mountains  the  sandy 
plain  appeared  to  continue  southward  unbroken  as  far  as  the  eye 
could  reach.  It  is  probable  that  La  Mesa  is  the  northern  extrem- 
ity of  the  broad  interior  basin  of  northern  Mexico,  the  lowest  parts 
of  wliich,  containing  undrained  lakes,  occur  25  to  50  miles  south  of 
the  international  boundary.  At  some  former  time  this  basin  was 
probably  occupied  by  a  large  lake,  the  northern  extremity  of  which 
covered  La  Mesa. 

SLOPES. 

The  greater  part  of  the  surface  of  the  Rio  Grande  region  is  made 
up  of  long,  corrugated  slopes,  extending  from  the  bordering  moun- 
tains to  the  river.  East  of  the  river  the  slope  varies  in  length  from 
5  to  20  miles.  Near  Santa  Fe  it  is  12  miles  long  and  has  an  average 
gradient  of  125  feet  per  mile.  East  of  Albuquerque  it  is  about  10 
miles  long  and  has  a  gradient  of  about  70  feet  per  mile,  and  east  of 
Las  Cnices  it  is  10  miles  long  and  has  a  gradient  of  about  100  feet 
per  mile.  In  places  where  the  river  is  located  near  the  mountains, 
as  at  the  northern  end  of  the  Sandia  and  west  of  the  Caballos  Moun- 
tains (PI.  VI,  B),  the  gradient  is  250  to  300  feet  per  mile. 

The  slopes  of  the  western  part  of  the  Rio  Grande  region  are  much 
more  varied  than  those  that  lie  east  of  the  river.  Some  are  short, 
steep,  and  deeply  dissected;  others  are  many  miles  in  length  and 
perfectly  graded,  and  still  others,  like  those  drained  by  Arroyo 
Salado  and  Rio  Puerco,  are  but  slightly  inclined. 

The  material  exposed  on  the  corrugated  slopes  consists  of  angular 
rock  fragments  derived  from  the  mountains.  These  fragments  vary 
in  coarseness  with  the  variations  in  the  hardness  of  the  rock  from 
\*liich  they  were  formed  and  with  the  gradient  of  the  slo})es  on  which 
they  are  deposited.  In  general,  they  are  large  near  the  hills  and  on 
the  steep  slopes  and  small  on  the  lower  grades  and  near  the  foot  of 
the  slopes,  where  they  are  often  found  intermingled  with  sand  and 
|)ebbles  that  have  been  rounded  by  stream  action.. 

TERRACES. 

The  long  slopes  terminate  more  or  less  abruptly  near  the  river  in 
bluffs  or  terraces,  two  of  which  are  more  or  less  conspicuous  throughout 
the  Rio  Grande  region.     The  highest  is  not  continuous.     It  is  rep- 
resented west  of  Santa  Fe  by  the  lava-capped  detrital  bluffs  exposed 
in  the  canyon  of  Santa  Fe  Creek,  where  it  forms  a  shelf  500  feet 
above  a  lower  terrace  and  about  800  feet  above  the  river,  as  shown 
in  the  Santa  Clara  sheet  of  the  United  States  (leological  Survey. 
West  of  Albuquerque  it  is  represented  by  the  broad,  sandy  plain 
?ipon  which  the  lava  flow  from  Albuquerque  volcanoes  rests,  500 
feet  above  the  lower  terrace  and  800  feet  above  the  river.     (See  PI. 
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II,  Bj  and  section  D-D  on  PI.  III.)  Near  the  southern  end  of  t] 
region  a  similar  relation  occurs,  the  high  detrital  plain  west  of  Cer 
Robledo  being  500  feet  higher  than  La  Mesa  and  800  feet  higher  thi 
the  river,  as  shown  in  the  Las  Cruces  sheet  of  the  United  Stat 
Geological  Survey.  The  ancient  surface  represented  by  these  rei 
nants  apparently  had  the  same  gradient?  as  the  Rio  Grande  has 
the  present  time. 

On  either  side  of  the  river,  at  altitudes  about  500  feet  lower  thi 
the  isolated  remnants  of  the  high  terrace,  are  well-defined  terrace 
which  are  practically  continuous  from  White  Rock  Canyon  to  ] 
Paso.  They  are  remnants  of  a  surface  that  was  formed  principal 
by  aggradation  and  later  dissected  by  the  river  and  its  tributarie 
This  surface  is  represented  at  Albuquerque  by  the  wide  shelf  betwe< 
the  lava  flow  and  the  river,  shown  in  the  foreground  of  PL  II,  j 
Farther  south  it  is  re})resented  by  the  Jornada  and  La  Mesa.  (S 
sections  of  PI.  III.)  The  surface  was  formed,  first,  by  the  dep 
sition  of  river  sand  and  grttvel;  second,  by  the  erosion  of  prev 
ously  deposited  gravels  and  volcanic  tuffs,  illustrated  in  PL  II,  j 
tliird,  by  lava  flows,  such  as  those  near  San  Marcial  (PL  IV,  A)  an 
San  Acacia,  and,  fourth,  by  the  planation  of  upturned  sedimentai 
rocks,  like  tliose  exposed  at  the  surface  along  the  eastern  base  of  tl 
Caballos  Moimtains  in  the  >acinity  of  Engle,  shown  in  PL  IX. 

EROSION    BASINS   AND   CANYONS. 

Introductory  staUment. — Along  the  Rio  Grande  there  are  erosic 
basins,  separated  by  rock  canyons,  as  sliown  in  PL  I,  and  limited  i 
form  and  size  by  the  character  of  the  material  in  which  they  wei 
excavated.  These  basins  are  parts  of  the  valley  of  the  Rio  Granc 
that  have  been  broadened  on  account  of  the  easy  erosion  of  uncoi 
solidated  material  while  the  narrower  canyons  were  being  cut  in  tl 
hard  rock. 

Espduola  Valhy. — This  valley  extends  from  the  he^  of  Whi 
Rock  C'anyon  northward  beyond  the  region  here  considered.  Tl 
soiith(»rn  end  of  the  valley  has  been  described  as  a  possible  reserve 
site,**  and  a  contour  map  of  it  has  been  made.  The  valley  is  exc 
vated  in  unconsolidated  sand,  gravel,  and  rhyolitic  tuff.  The  grav 
beds  are  exposed  in  bluffs  several  hundred  feet  liigh  and  are  pr 
tected  fiom  erosion  by  the  overlying  igneous  rock,  consisting  > 
rhyolitic  tulF  and  basalt  flows.  The  depth  of  the  sands  and  grave 
beneath  the  river  is  not  known. 

Whitt  Hock  (\inifon. — This  canyon  begins  south  of  Espanola  Valle 
at  a  point  where  the  Rio  Grande  enters  a  narrow-  gorge  about  20  mil< 
m  length.     The  canyon  owes  its  existence  to  sheets  of  hard  igneoi 

««  Twenty-lirst  Aim.  Rcpi.  U.  S.  Gool.  Survey,  pt.  4, 189^1900. 
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.1.     FACE  OF  TERRACE  WEST  OF  CABALLOS  MOUNTAINS. 
Showing  fctratified  sand  and  gravels  overlain  by  rhyolitic  tuff. 


/;.  ALBUQUERQUE  VOLCANOEb  AND  LAVA  FLOW. 

L'-Aor  rerrace,  300  foet  oDove  tl'-e  rive-    m  tr...  fot^t-roLrMj.      Lava  f..;w.  Lupp-r.^  tho  Uetntub.  800  fe«rt 

above  trie  nve'. 
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rock,  which  protect  the  underlymg  sands  and  gravels.  West  of  the 
river  this  rock  is  principally  light-colored  rhyolite,  the  color  of  which 
suggested  the  name  White  Rock  Canyon,  but  east  of  the  river  it  is 
basalt,  of  which  there  are  two  sheets,  separated  by  a  few  feet  of  sand. 
The  structure  is  indicated  in  a  general  way  in  fig.  2  and  PL  IV,  B, 

Near  the  mouth  of  the  canyon  a  stream  entering  the  Rio  Grande 
from  the  east  has  carved  a  gorge,  exposing  about  400  feet  of  basalt. 
This  gorge  (PI.  IV,  B),  although  comparatively  small,  illustrates  the 
rugged  character  of  the  topography  in  the  vicinity  of  White  Rock 
Canyon. 

&anto  Domingo  VaUey. — This  valley  extends  from  the  mouth  of 
White  Rock  Canyon  to  a  point  7  miles  south  of  the  Indian  pueblo  of 
vSanto  Domingo.  It  is  1  to  3  miles  wide  and  contains  about  13,000 
acres  of  bottom  land,  which  is  owned  mainly  by  the  Santo  Domingo 
Indians  and  has  been  irrigated  by  them  for  many  years.  The  greater 
part  of  this  land  lies  only  a  few  feet  above  the  bed  of  the  river  and  is 
subject  to  frequent  overflow. 

San  Felipe  Canyon, — This  is  a  short  gorge  separating  Santo  Do- 
iiiingo  Valley  from  Albuquerque  Valley.  The  canyon  walls  are  com- 
posed of  unconsolidated  sand  and  gravel,  capped  by  sheets  of  basaltic 
lava. 

Albuquerqv4i  Valley. — ^This  valley  extends  from  San  FeUpe  Canyon 
southward  to  Isleta,  w^here  it  narrows  on  account  of  the  basaltic  lava 
which  extends  thence  westward  over  a  large  part  of  the  wSandia  Mesa. 
The  valley  is  about  35  miles  long  and  1  to  5  miles  wide  and  comprises 
an  estimated  area  of  70,000  acres  of  bottom  land.  It  is  terminated 
abruptly  on  either  side  by  steep  bluffs  of  sand  and  gravel  forming 
the  terraces  previously  described.  The  bluffs  west  of  the  valley  con- 
sist of  sand  and  clay,  capped  in  places  by  sheets  of  })asalt.  Those  to 
the  east  are  composed  of  stratified  sand  overlain  by  coarse  imstratified 
gravels  separated  from  the  underlying  sands  by  erosional  uncon- 
fonuities. 

hleia  Narrows, — The  constriction  through  wliich  the  river  Hows  at 
Isleta  is  not  properly  a  canyon.  The  broad  Albu(|uerque  Valley  here 
narrows  on  account  of  the  presence  of  the  hard  igneous  rock  of  Isleta 
Volcano,  an  extinct  volcanic  cone  west  of  tlie  town.  The  lava  occurs 
not  only  in  the  bluffs  west  of  the  river  but  extends  nearly  across  the 
valley  at  the  town  of  Isleta. 

BeUn  VaUey. — This  valley,  so  named  fiom  the  principal  town 
H-itliin  its  area,  extends  from  Isleta  to  San  Acacia,  a  distance  of  about 
4o  miles,  and  contains  an  estimated  area  of  (55,000  acn^s  of  bottom 
land.  The  Rio  Puerco  and  tlie  Arroyo  Salado,  the  two  largest  trilni- 
taries  of  the  Rio  Grande,  join  the  river  in  this  valley.  The  Rio 
Puerco  flows  across  the  broad  stretch  of  unconsolidated  and  hori- 
zontally bedded  sand  and  gravel,  locally  known  as  All)U([uerque  Mesa. 
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It  is  a  shi<;^ish.  niiuldy  stream,  practical!}''  impassable  onaa-ountoi 
(luicksand.  except  at  times  of  low  water.  The  Arroyo  Salado  enters 
t  he  valley  throiij;h  a  canyon  in  the  partly  consolidated  and  upturned 
Tertiary  strata  illustrated  in  PI.  V,  A. 

San  Acavia  (rorrjf.  -Th\»  is  the  narrows  at  the  southern  end  uf 
B<»lcn  Valley.  The  mesa  east  of  the  river  near  San  Acacia  is  covered 
by  a  sh<»et  of  basalt,  which  oripnally  extended  farther  northwest- 
ward across  the  i>resent  course  of  the  Rio  Grande.  The  river  has  cut 
thru  an  arm  of  this  lava  sheet,  making  a  short  narrow  gorjre.  the 
walls  of  which,  about  250  feet  high,  are  composed  of  sand  and  jijavel. 
protected  by  the  cap  of  igneous  rock. 

Th<»  ])()rti()n  of  lava  left  west  of  the  river  is  less  than  one-half  mile 
in  length.  West  of  this,  and  75  feet  lugher  than  the  river  level.  1> a 
wide  sand  and  gravel  i)lain,  which  evidently  marks  the  course  of  the 
Rio  (irainle  previous  to  the  time  the  river  broke  througli  the  lava  at 
th(^  gorge.  Still  farther  west  the  beds  of  loose  sand  and  gravel  pve 
place  to  the  Tertiary'  sediments  shown  in  PL  V,  B, 

Socorm  If//// //.--This  valley,  so  named  from  its  principal  town. 
extcMuls  from  San  Acacia  Ciorge  scmthward  to  San  Marcial,  a  distance 
of  about  40  miles,  and  inchuU^s  an  estimated  area  of  about  60,000 
acres  of  bottom  land.  It  is  similar  to  Albuquerque  and  Belen  val- 
leys, cxccj)t  that  the  mcmntains  on  its  sides  are  nearer  and  the  cor- 
rugated detrital  slopes  correspondingly  steeper  and  more  eroded  than 
those  bordering  the  valleys  previously  descTibed. 

/w/f//r   Vallni.     This  valley  extends  from  San  Marcial  to  Elephant 
Butte,  a  distance  of  about    10  miles.     This  valley  differs  from  the 
others  described  in  being  very  narrow,  as  shown  in  PI.  I,  and  in  i^^ 
lack  of  bottom   land.     The  northern  half  has  been  described  i^^^ 
mapptMJ  as   a  reservoir  site."     From  this  map  it  appears  that  t^^'^ 
contour  marking  elevations  100  feet  above  the  river  incloses  a  stJ'^\ 
of  laiul  varying  in  width  from  al)out  SOO  feet  to  2  miles.     The  sout  »^ 
ern  half  of  the  valley  is  somewhat  wider  in  places.     According  to  t  * 
reports  of  the  United  States  Reclamation  Service  the  maximum  ar^ 
to  be  submerged  in  the  Engle  reservoir,  described  on  pages  26 -J 
is  about  3S,400  acres,  contained  in  a  strip  40  miles  long  and  abo« 
IJ  miles  in  average  width. 

Altho  Engle  Valley  is  cut  in  detritus,  it  is  not  so  broad  as  the  valle\' 
1o  the  north  and  to  the  south.  West  of  the  rock  hills,  near  Elephan 
Butte,  the  detrital  beds  <»xtend  continuously  southward  (PI.  VIII 
and  seem  to  prestmt  an  easy  passage  for  th<»  riv(»r,  but  it  does  not  fol 
low  the  course  thus  afforded. 

El( pliant  Bniie  Canyon.-- A  few  miles  north  of  Elephant  Butte  th 
riv(»r  leaves  the  detrital  beds  and  enters  a  narrow  nn^k  canyon,  whicl 
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it  occupies  thence  southward  to  the  end  of  the  Caballos  Mountains. 

This  canyon  is  described   in  detail  as  the  Engle  dam  site  (see  pp. 

26-29)  and  need  not  be  further  discussed  in  this  connection. 

i         Las  Palomns  Valley. — This  valley,  extending  from  Elephant  Butte 

\     to  Rincon,  a  distance  of  about  50  miles,  is  much  broader  than  Engle 

\     Valley.     The  bottom  lands  form  a  part  of  the  irrigable  area,  26,000 

acres  in  extent,  under  the  proposed  Engle  reservoir.     The  terrace 

■-      bluffs  bordering  this  valley  are  especially  conspicuous.     West  of  the 

river  they  consist  of  well-stratified  sands  and  gravels,  but  east  of  the 

valley  they  are  more  varied  in  both  form  and  composition,  containing 

not  only  stratified  sand  and  gravel,  but  volcanic  tuffs,  as  shown  in  PI. 

Seld^n  Canyon. — This  canyon,  extending  from  Rincon  to  the  head 
of  Mesilla  Valley,  a  distance  of  about  18  miles,  is  not  so  uniformly  nar- 
row as  some  of  the  other  canyons.  «  At  some  places,  as  at  Penasco 
Rock,  where  a  dike  crosses  the  course  of  the  river,  the  canyon  is  nar- 
row.    At  other  places  it  broadens  to  considerable  dimensions.     It 
contains  about  8,000  acres  of  bottom  land. 

Mesilla  VaUey. — This  is  the  lai^est  of  the  erosion  basins  of  the  Rio 
Grande  region,  extending  from  old  Fort  Selden  southward  to  The 
Pass,  a  distance  of  about  50  miles.  It  has  a  maximum  width  of  8 
miles  and  includes  about  150,000  acres  of  bottom  land,  of  which 
100,000  acres  are  irrigable.  It  contains  the  principal  body  of  land  to 
be  irrigated  from  the  proposed  Engle  reservoir,  and  has  been  surveyed 
in  detail  by  the  United  States  Reclamation  Service,  as  shown  in  PI.  X. 
The  valley  is  cut  in  the  imconsolidated  sand  and  gravel,  typically 
exposed  in  the  bluffs,  300  feet  or  more  in  height,  bordering  La  Mesa 
on  the  west. 

As  in  the  Elephant  Butte  region,  the  detrital  bed  in  which  Mesilla 

Valley  is  cut  extends  uninterruptedly  southward,  west  of  the  rock 

•  hills  near  El  Paso;  but  the  river,  instead  of  following  this  seemingly 

easy  course,  abandoned  the  detrital  bed  and  cut  a  canyon  t  hrough  the 

hard  rock  ridge  at  El  Paso. 

El  Paso  Canyon. — ^This  is  a  rock  gorge  through  which  the  Rio 
Grande,  formerly  a  stream  of  the  interior  basin  region  of  New  Mexico 
and  Mexico,  past  and  became  thenceforth  a  part  of  the  Gulf  drain- 
age. The  character  of  this  canyon  and  •its  relation  to  the  mountain 
ridge  and  the  ancient  course  of  the  river — La  Mesa — is  indicated  in 
section  A-A  of  PI.  III.  Rock  terraces  at  the  same  altitude  as  the  sur- 
face of  La  Mesa  indicate  that  after  the  river  had  formed  a  graded 
surface  over  the  region,  principally  by  building  up  its  course,  it  found  a 
way  across  the  rock  ridge  at  The  Pass.  The  epoch  of  erosion  that 
followed  was  not  of  sufficient  duration  to  cut  more  than  the  narrow 
canyon  in  the  hard  rock  of  TIk^  Pass,  althougli  tlie  broad  Mc^silla  Valley 
was  excavated  at  the  same  time. 
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El  Paso  Valley. — This  valley  is  similar  to  Mesilla  Valley  in  being  a 
broad  basin  v.\\{  in  unconsolidated  sand  and  gravel.  It  lies  outside  of 
the  Territory  of  New  M(»xico,  and  is  therefore  not  properlj'  included  in 
this  paper,  althouj^li  it  contains  part  of  the  land  included  in  the  Kio 
Grande  reclamation  proj<H*t.  The  valley  has  been  described  by  Rich- 
ardson" and  by  wSlichter.'' 

INTRODUCTION. 

No  attempt  is  made  to  discuss  the  geology  of  the  Rio  Grande 
region  further  than  is  necessary  to  give  an  understanding  of  the 
physical  conditions  Hkely  to  aifect  the  storage  of  the  surface  wators 
and  th(»  oc<'urrence  and  d«»velopment  of  the  imderground  waters;  but 
in  order  to  describe  thes(»  conditions  some  knowledge  of  the  rocks  is 
necessary.  Three  kinds  of  rock  are  recognize<l  in  this  report.  The 
iirst  consists  of  granites,  gn(»isses,  jmd  consolidated  sediments, 
inchiding  sandstones,  limestones,  and  sliales.  The  second  consists  of 
unconsolidated  sediments  or  detritus  of  comparatively  recent  origin? 
including  riv(T  sands  and  gravels  and  mountain  wash.  The  third 
compris(\s  cfFiLsive  rocks,  nuiinly  of  Tertiary  and  Quaternary  age. 

ROCK  FORMATIONS. 
(ONSOLIDATKI)    SEDIMENTS. 

The  older  scdlnientarv  rocks  of  the   Rio  Grande  region  include 
strata  that  range  in  age  from  Algonkinn  to  Cretaceous  and  that  are 
well  exposed  throughout  thenn^a  deseribed.     These,  together  with  the 
un(h»rlying  gninites,  form  the  rock  basins  that  contain  the  wat^f" 
bearing  formatit)ns  and  to  soin(»  extent  are  themselves  waterbearing- 
Th(»  ci>ns()li(hite(l  sediments  have  special  importance  near  Elepha^^- 
Butie,  where  the  Kio  (Jran<l(»  cuts  a  sharp  gorge  through  them  att^^ 
Engle  dam  site,  and  near  Kl  Paso,  at  the  site  of  the  proposed  Int^^ 
national  (him. 

UNCONSOLIDATKI)    SKDIMKNTS. 

Unconsolidated  material,  consisting  of  clay,  sand,  and  water-wo^ 
gravel,  occurs  generally  in  the  lowlands  aloi\g  the  river,  in  the  terrac^ 
on  either  side  of  the  Kio  (Jrande  Valley,  in  the  central  part  of  tl^ 
Jornada  del  Muerto,  and  in  La  M(\sa,  west  of  Mesilla  Valley.  T\t 
slopes  lying  between  the  river  and  the  mountains  (consist  largely  O 
angidar  rock  debris,  derived  as  wash  from  the  mountains. 

The  older  detrital  beds  an*  partly  cement(Hl,  but  the  younger  one^ 
are  wholly  un<;onsolidated  and  allow  w-ater  to  i)ass  freely  through  them 

"  Kiclmnlsoii.  (J.  li..  RiTonnnlssuiic*'  in  trMn^-IVvos  I^xas:  Bull.  I'Miv.  T««xas  No.  '£,i.  1904.  pp.  f)5-IU8 
'•Slichlrr  CharN-sS.,  01>»Tvati<»iis  <ni  tho  Kr'iiiiwl  \vjit<*r.««  of  ilu!  Kio  (Irainio  Vnlley:  W*ttt4>r-Sup.  am 
Irr.  Pmiht  No.  141.  T.  S.  Gool.  Siirvoy.  lUOi.  pp.  \\-h\. 
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A.     LAVA-CAPPED  MESA  AT  SAN  MARCIAL. 

The  shtt«t  of  basalt  resting  upon  the  sand  and  gravel  is  the  edge  of  the  great  flow  covering  the  north 
end  of  the  Jornada  del  Muerto. 


B.    SIDE  GORGE  AT  THE  ENTRANCE  TO  WHITE  ROCK  CANYON.  NEAR  ESPANOLA  DAM  SITE. 
Snowing  columnar  basalt  in  the  foreground,  and  the  rhyolite  west  of  the  river  in  the  background. 
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he  detritus  has  a  great,  though  unknown  thickness.  A  well  at  Santa 
e  penetrates  it  nearly  1 ,000  feet ;  another  at  Sandia,  N.  Mex. ,  893  feet ; 
ie  at  Lanark,  west  of  Mesilla  Valley,  945  feet;  and  one  in  a  neighbor- 
Lg  basin,''  near  El  Paso,  2,285  feet,  but  in  none  of  these  wells  has  bed 
>ck  been  reached.  Where  the  older  and  partly  cemented  beds  have 
Ben  upturned  and  exposed  to  view  in  Arroyo  Salado,  they  have  an 
bserved  thickness  of  several  thousand  feet.  Their  character  is  indi- 
ited  in  PI.  V,  A,  B,  The  younger  or  unceinented  sands  and  gravels 
re  well  exposed  in  the  terraces  on  either  side  of  the  river. 

IGNEOUS    ROCKS. 

The  igneous  formations  that  are  important  in  a  discussion  of  the 
ater  supply  are  principally  of  Tertiary  and  Quaternary  age,  and 
xur  in  the  form  of  massive  flows,  beds  of  tuff,  volcanic  necks,  dikes 
id  sheets,  and  crater  cones.  The  older  effusive  masses,  consisting  of 
ide.sites,  rhyolites,  and  other  rocks  closely  related  to  these,  occur  in 
ore  or  less  isolated  masses  at  many  places  throughout  the  Rio  Grande 
^on  and  are  perhaps  best  represented  by  the  thick  beds  of  tuff  on 
p  eastern  slope  of  the  Jemes  Mountains  in  the  northern  part  of  the 
o  Grande  region,  by  the  Socorro  Mountains  and  Cerro  Magdalen  in 
.^  central  part,  and  by  the  Dona  Ana  Hills  in  the  southern  part, 
eir  formation  antedates  the  accumulation  of  at  least  the  upper 
rt  of  the  detritus  as  fragments  of  the  rock  are  contained  in  the 
irital  beds. 

The  younger  igneous  rocks  consist  of  dark-colored  basalts,  occurring 
inly  in  sheets  capping  the  detritus  and  in  crater  cones  which  retain 
»ir  original  form  in  great  perfection,  as  shown  in  PI.  VI,  A.  Basaltic 
k  also  occurs  in  dikes  and  volcanic  necks  penetrating  the  older 
ks.     Among  the  more  conspicuous  sheets  capping  the  detritus  may 

mentioned  those  west  of  Santa  Fe,  through  which  the  river  has 
•ded  White  Rock  Canyon,  those  covering  parts  of  the  mesa  west  of 
)uquerque  (see  PI.  II,  .B),  the  San  Marcial  flow  (see  PI.  IV,  ^1,)  and 
^  basalt  flows  of  La  Mesa  west  of  Mesilla  Valley.  The  dikes  and  vol- 
lic  necks  become  important  in  the  vicinity  of  the  Engle  reservoir 
I.  IX),  where  they  will  probably  supply  building  stone  for  the 
)posed  dam. 

STRUCTURE. 
GENERAL    CUAKA(  TEKISTICS. 

The  geologic  structure  of  the  Rio  Grande  region  is  complicated,  and 
ich  detailed  investigation  is  nccossury  before  it  can  ho  adequately 
•K'^rihed.  The  main  structural  features,  liowever,  are  known  in  a 
neral  way.     Great  synclines,  such  as  the  Jornada  del  Muerto,  occur, 

KKrhMrdoon.  G.  B.,  Rwonnaissii nc«»  in  traiis-l'i-cos  Te^as:  IJiiIl.  Univ.  Tcxiis  No.  'L\.  HK)4.  p.  96. 
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and  monoclinal  mountains,  formod  by  faulting  and  the  tilting  of  mist 
blocks.  Tli<»  rocks  thus  flexed  and  fauhed  are  mainly  of  pre-Tertian' 
a^e,  but  the  Tertiary  beds  are  strongly  upturned  in  places,  indicating 
that  some  crustal  movement  took  place  after  these  beds  were  fonned. 
(PI.  V,  .1).  T\w  older  valleys  of  erosion  and  the  troughs  formed  by 
tin*  tilted  blocks  have  been  partly  lilled  with  unconsolidate<l  detritus 
consisting  of  sands,  waterworn  gravels,  and  angular  mountain  wash. 

EASTERN    BORDER. 

The  eastern  j)art  of  the  Kio  Grande  region  is  oc<^upied  by  the  Rocky    ■ 
Mountain  uj)lift.  which  extends  through  central  New  Mexico.    The    ^ 
southern  end  of  the  Rocky  Mountains,  terminated  at  the  south  by    ' 
(Jlorieta  Pass,  is  a  granitic  mass  upon  which  lie  strata  that  dip  away 
from  it  to  tin*  east,  south,  and  west.     But  south  of  thb  pass  the 
underlying  granite  is  covered,  more  or  less  completely,  with  sedimen- 
tary rocks  (lipping  in  various  directions.     The  strata  of  Glorieta  Mesa 
incline  toward  the  south,  and  those  of  the  Sandia  Mountains,  the 
Manzano  Range,  and  Sierra  Oscura   toward  the  east.     The  strata  of 
(^hupadcra  Mesa  are  nearly  horizontal,  while  those  of  the  San  Andreas; 
Range  and  the  Organ  and  Franklin  mountains  dip  toward  the  west. 
Numerous  faults  occur,  with  displacements  measured  in  hundreds  of 
foot  and  several  with  disphu'emcnts  of  thousands  of  feet. 

WKSTKl?N     liOUOKR. 

The  western  part  of  the  Rio  (irandc  region  is  less  mountainous  than 
the  eastern  i)art.  and  a  greater  proportion  of  it  is  cxjvered  with  detri- 
tus,  which  obscures  the  structure  to  a   large  extent.     In  the  Ri^^ 
Pu(»rco  Valley  strata  dip  to  the  <^ast  and  are  believed  to  pass  beneath 
the  Rio  Grande  Valley,  while  strata  of  tlie  same  geologic  age  oceur  i^ 
the  Sandia  Mountains,  several  thousand  feet  above  the  Rio  Grande 
Valley,  tlu*  difl'enMice  in  el(»vation  being  due  to  faulting  along  th^ 
western  face  of  the  Sandia  Mountains  and  the  eastward  tilting  of  tb^ 
Sandia  block,  as  indicated  in  section  D-D  of  PI.  III.     On  the  oth^^ 
hand,  the  crust  block  forming  Si(Tra  Ladron,  a  few  miles  south  *• 
Rio  Puerco,  ha,s  been  iWiod  steeply  to  the  west. 

In  the  western  part  of  th(»  region  many  of  the  moimtain  group-"^' 
such  as  Jemc^s  and  Socorro  moimtains  and  Cerro  Magdalen,  aT^ 
composed  principally  of  effusive  rock. 

CENTKAL    AREA. 

The  structure  of  the  Kio  Grande  region  is  best  showTi  in  the  centra' 
portions,  where  the  river  has  removed  the  detritus  in  many  places* 
exi)osing  th<»  consolidated  rocks.  The  Caballos  and  Fra  Cristobal 
ranges,  forming  the  western  limb  of  the  Jornada  syncline,  are  cut  off 
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TERTIARY  STRATA  IN  ARROYO  SALADO  AT  THE  BASE  OF  SIERRA  LADRON. 


Jl      CANYON   IN   TERTIARY   SEDIMENTS   vVEST   OF   SAN   ACACIA,   N.   MEX. 
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abruptly  on  the  west  by  jjreat  faults  which  are  plainly  exposed  and 
traceable  forlongd  istances.  (See  PI.  VII.)  Cerro  Robk»do  ftirnishes 
a  eharaeteristic  type  of  structure.  (See  PI.  III.)  EsLsi  of  the  river 
Carboniferous  limestone,  dipping  westward,  passes  beneath  the  Rio 
Grande  Valley.  The  same  limestone  occurs  in  the  hills  to  the  west 
2,000  feet  above  the  river,  the  difference  in  altitude  being  due  to 
faulting  and  the  tilting  of  the  Cerro  Robledo  block. 

Displacements  by  faults  much  greater  than  that  at  Cerro  Robledo 
are  evident  at  a  number  of  places.  The  western  face  of  the  Caballos 
Mountains  (see  PI.  VI,  fi)  and  the  Fra  Cristobal  Mountains  (PI.  VII) 
are  fault  scarps,  and  Cerro  Cuchillo  is  an  excellent  example  of  a  tilted 
bl(K-k.  Wit  h  the  exception  of  the  Jornada  del  Muerto,  the  Rio  Grande 
region  may  be  properly  said  to  consist  of  a  series  of  block  mountains 
i^-ith  troughlike  depressions  intervening  between  them. 

TOPOGRAPHIC  DEVELOPMENT. 

EKOSIOX. 

Altho  the  elevations  and  depressions  constitutuig  the  Rio  Grande 
region  are  due  principally  to  cnistal  deformation,  the  topography  has 
Jn^en  more  or  less  modified  by  erosion  and  deposition.  Many  of  the 
mountain  slopes  are  precipitous  and  show  little  modification  l)y  ero- 
sion, as  illustrated  in  the  Caballos  Mountains.  (PI.  VI,  B.)  Other 
slopes  are  comparatively  mature.  Along  the  eastern  base  of  the 
Caballos  and  Fra  Cristobal  ranges,  particularly  in  the  vicinity  of 
Engle,  the  stratified  rocks  dipping  eastward  beneath  the  Jornada 
have  been  practically  base-leveled  over  a  considerable  area.  ^Vhether 
the  base-level  extends  beneath  the  Jornada  generally,  as  stated  by 
Keyes/'  or  is  local,  can  only  be  conjectured  at  the  present  time,  as  the 
older  rocks  within  the  syncline  are  exposed  over  a  comparativ(»ly  lim- 
ited area,  being  for  the  most  part  buried  to  unknown  depths  by 
detritus. 

SEDLMENTATION. 

yV/Y////*?/.  -The  older  portions  of  the  detritus  contained  in  the  rock 
lia.sins  consist  of  well-stratified  beds  of  sand,  gravel,  and  mountain 
wa.sh,  more  or  less  faulted  in  places  and  otherwise  disturbed  by 
cnistal  movements.  They  are  imdoubtedly  of  Tertiars'  age.  In 
other  places  sediments,  apparently  of  Tertiary  age,  are  not  separable 
at  present  from  the  younger  or  Quaternary  deposits. 

Quaternary. — The  unconsolidated  sands,  gravels,  and  "wash"  cov- 
*»riiJg  the  greater  part  of  the  Rio  Grande  region  is  of  Quaternary  age 
ami  (K-curs  in  at  least  two  distinctly  s(»paral)l(^  formations.  The  more 
•-xtensive  <me,  locally  known  as  the  mesa  grav(^ls,  occurs  in  tlie  ter- 
rm-es  along  the  river  and  forms  tlie  corrugated  slopes  lying  between 

a  K«»ye»,  C.  R..  Walcr-Sup.  and  Irr.  Vi\\m^t  No.  123,  l'.  S.  (Jcol.  Simoy.  U>(V>,  p.  "20. 
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the  liver  utkI  tlu»  bordering  mountains.     Tlie  second  ocriirs  in  the 
IIcmkI  j)l{iins  in  all  of  th<»  erosion  basins  previously  described.     I::  the 
.lonijula  del  Miierto  and  La  Mesa  the  sand  and  jjravel  IkhIs  belonirii]*: 
to  tiiis  formation  are  not  dissected  by  erosion,  but  lie  practically  .is 
thcv  \v(Te  dej)osited,  at  an  altitude  800  to  350  feet  above  the  prosnit 
bed  of  the  river. 

T\w  mesa  jrravels  ori^^inally  filled  the  basins  to  altitudes  rojm- 
sented  bv  the  terraces,  and  in  them  the  erosion  basins  were  eut.  Tin' 
d<»|)th  to  wiiieh  these  were  excavated  and  later  filled  is  not  detinit<'ly 
known,  but  the  j^eneral  relatiims  of  the  various  gravel  bed.s  to  each 
other  and  to  the  rock  l>asins  containing  them  are  illustrated  in  fip.  1. 

TERTIARY  AND  QUATERNARY  HISTORY. 
>rKKA(  K    DKFOH.MATION    ..Nl>    FIRST    VOLCANIC    ERrPTlOX. 

Tlu»  enistal  movements  that  produced  the  structural  and  jitM>- 
tjraphie  features  d(\seril)ed  bejran  at  the  coininenceinent  of  or  soiuo- 
time  diirin^^  thi»  Tertiary  period  with  the  formation  of  monoelinal 
moimtains  and    trouj^hlike    intermoiitane  vaUeys.     About  the  same 


in..  1.    Sk'!' !-.    -itioii  i':i-tr;itiiiL'  ili'- 'l<  I  rit;il  .li-pnsits  of  Uio  Grande  Valh'v.    r,  Rix-k  biisiii;  ' 
■l'iri!n>.  ..f  t!i.  luL'M.  r  i.-rrn--;  ti.  <li'i  rini«  »>f  thi-  l«>\v('r  (i-rnice;  /,  flfMid-plttin 'icposit-s. 

lime  i^n'al  masses  «)f  aiulesite  iind  rhyolite  were  extruded,  renuianti^ 
of  which  are  nt)\N  foimd  in  ihe  Jem<\s  Mountains,  the  Socorro  Movni- 
tains.  the  Dona  Ana  Hills,  and  <'lsewlHTe.  Tliis  defonnation  and 
volejMu<-  activity  evidently  occurred  late  hi  the  TertiarA'  period,  as 
Tertiary  strata  are  upturned  and  in  places  intersected  by  rhyolite. 

FIUST    ACCl'Ml  LATION    OF   (lUAVELS. 

The  structin-al  troujrhs  between  the  lilted  m<mntain  blcKjks  formed 
natural  lodgment  areas  for  sediment.  Jt  can  not  be  stated  at  pn»sent 
whether  the  sediments  are  partly  of  lacriistrine  origin  or  wholly 
subaerial,  nor  is  their  nmximum  thickness  known,  but  well  records 
indicate  a  thickness  of  thousands  of  feet.  The  material  exposed  i^ 
the  terraces  and  penetrated  by  the  shallow  wells,  consisting  mainly  ** 
coarse  sand  and  gravel,  is  presumably  of  riv<T  origin,  but  souk*  of  th< 
deep  wells  j)enetrate  thick  beds  of  sandy  clay,  j)ossibly  of  lacu.strin* 
accumulation.  The  surface  of  this  first  gravel  accumidation  is  prr 
serv<'d  in  a  nund)er  of  places,  when*  it  forms  the  upper  terrace,  8iH 
feet  above  the  river,  described  on  page  11. 
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.1.     SANDIA  VOLCANO.  WEST  OF  ISLETA.   N.  MEX. 
A  volcanic  cone  of  recent  origin,  connposed  of  basaltic  cinders. 


li.     CABALLOS  MOUNTAINS. 
Snowing  the  western  escdrpm».-r,*  arui  tne  currugatfd  alluvial  slope  at  its  base. 
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SECOND   VOLCANIC    ERUPTION. 

After  the  depressions  had  been  filled  to  altitudes  represented  by  the 

upper  terrace,  extensive  sheets  of  basalt  were  outpoured  over  the 

sands  and  gravels.     In  the  lava  fields  west  of  Santa  Fe,  and  in  those 

near  Bernalillo,  two  sheets  of  basalt  occur,  separated  by  a  few  feet  of 

pavel,  as  shown  in  fig.  2.    We^t  of  Albuquerque  (PI.  II,  B),  and  also  in 

the  extensive  lava  fields  west  of  Isleta,  the  older  sheets  apparently 

belong  to  this  epoch  of  eruption,  and  it  is  probable  that  many  of  the 

older  masses  of  basalt  in  other  parts  of  the  Rio  Grande  region  were 

extruded  at  about  the  same  time. 

FIRST   EPOCH   OF   EROSION. 

The  second  volcanic  eruption  was  apparently  accompanied  by  some 
change,  possibly  climatic,  which  caused  the  Rio  Grande  to  erode  its 
channel.  During  this  epoch  the  river  probably  flowed  through  the 
Jornada  del  Muerto  south  of  San  Marcial,  across  La  Mesa  west  of  El 
Paso,  and  southward  into  the  basin  region  of  northern  Mexico,  eroding 
a  valley  10  to  20  miles  wide. 

Ancient  course  of  the  Bio  Orhnde, — Many  facts  point  to  the  infer- 
ence t  hat  the  ancient  course  of  the  Rio  Grande  was  not  the  same  as  its 
present  course  south  of  San  Marcial.  Some  of  the  data  leading  to 
this  inference  have  been  given  and  others  will  be  presented  in  the 
following  paragraphs.     Briefly  stated,  the  facts  are  these : 

The  Jornada  and  La  Mesa  have  the  geographic  position,  form,  sur- 
fiice  elevation,  and  gradient  that  would  be  expected  in  a  d6bris-filled 
valley ;  they  contain  unconsolidated  sands  and  gravels  as  deep  as  wells 
have  i>enetrated;  their  surface  elevations  and  gradients  indicate  that 
they  are  parts  of  a  graded  surface  that  formerly  extended  tliroughout 
the  Rio  Grande  region  and  is  now  represented  north  of  San  Marcial  by 
the  low  terrace  previously  described,  this  ancient  surface  having  the 
^ame  gradient  as  that  of  the  river  at  the  present  time. 

At  the  point  where  the  river  leaves  this  old  valley  the  surface  is 
covered  by  an  extensive  basalt  flow  (the  San  Marcial  lava  sheet, 
•overing  about  160  square  miles)  resting  on  sand  and  gravel  beds, 
rhe  lava  is  not  eroded  at  the  surface  and  is  covered  only  by  wind- 
>l€l\\^l  sand.  Large  quantities  of  loose  shifting  sand  lie  iiuniediately 
lorth  of  the  lava  beds. 

Engle  and  Las Palomas  valleys  are  much  narrower  than  the*  other  eio- 
'uyn  basins,  and  are  cut  in  detritus  whicli  contains  gypsum  in  places. 
riie  beds  are  cemented  to  some  extent,  and  are  associated  with  rhyo- 
ite,  presumably  much  older  than  tlie  basalt  and  its  und(Tiying  detri- 
iis  at  San  Marcial. 

Tlie  measure  of  consoUdation,  pn^suinabiy  (hie  to  difference  in  age, 
IS  indicated  in  the  size  of  the  erosion  basins.     Whih*  the  river  cut  can- 
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yoiis  ill  liunl  nw-k  it  rxcavjilod  narrow  vallevs  in  the  coinent^il  tie 
tus  west  of  Cahallos  and  Fra  Cristobal  mountains  and  }>nmd  h&n 
liko  Socorro  and  Mosilla  valloys  in  the  inieonsohdated  detritus  to  i 
north  an<l  south. 

From  thes«»  facts  tlie  inference  is  dra^\Ti  that  the  ancient  Rio  Graii 
ni)\ved  throu^li  the  •lornada  and  I^  Mesa  into  the  interior  hisin 
Nh^xico,  and  that  in  comparatively  recent  geologic  time  cli«n£:< 
occurrcMl  which  turned  it  out  of  its  valley  and  away  from  the  interim 
hasin  toward  th<»  Gulf  of  Mexico. 

SECOND    A<TrMl'LATl()X    OF   GRAVELS. 

Durin*:  the  second  epoch  of  (U'position  the  river  iilled  its  valley  wii 
sand  and  gravel  to  the  grade  represented  by  the  lower  terrace  (uitof  lu 
1)  and  by  tin*  surface  of  I^a  Mesa  and  the  Jornada  del  Muerto.  hil 
M<\sa  the  ancient  valley  is  about  20  miles  wide  and  the  filling  is  maini 
line  saiul  near  the  surface  and  somewhat  coarser  sand  and  gravel  b 
neath.  In  the*  Jornada  del  Miierto  the  fille<l  valley  is  narrower  ai 
the  nuiterial  is  coarser,  many  of  the  pebbles  ha\'ing  a  diameter  of  so 
end  inches.  In  Albuquenjue  Valley  the  quantity  of  filling  durin*;  tl 
epi)ch  is  nmch  less  than  in  La  Mesa  and  the  Jornada,  and  is  best  n 
nvsentcMl  by  the  coarse  grav(»l  deposits  of  the  blufTs  near  Albiiquenji 
Still  fartluT  north,  in  Santo  Domingo  Valley,  near  the  northern  end 
the  Rio  (irande  region,  \\\o  deposits  are  very  limited,  and  the  m 
hen*  was  apparently  employed  mainly  in  broadening  its  valley. 

The  gnul(Ml  surface  formed  by  the  river  during  this  epoch  was  o 
mainly  i>f  erosion  in  Santo  Domingo  Valley,  where  a  broad  shelf  \^ 
(Mit  ")()()  f(»et  below  the  surface  of  the  older  gravels;  one  formed  pari 
by  erosion  and  partly  l)y  tleposition  in  .\lbu<iuerque  Valley:  and  n 
mainly  of  deposition  in  the  Jornada  and  La  Mesa.  Throughout  t 
Rio  (Irande  region  this  surfac<\  represented  now  by  the  terrai' 
bluffs,  is  about  'MH)  feet,  above  the  river,  except  where  it  has  beenc 
down  by  later  erosion. 

THlHli  VOLCANU-    Kill  ITIOX. 

Near  the  close  of  the  second  jxTiod  of  sedimentation  extensive  v 
canic  disturbances  tu'curred  throughout  the  Kio  Grande  region,  resi 
ing  again  in  the*  outp<mring  of  great  sheets  of  basalt.  The  most  c< 
spicuous  of  these  are  near  San  Marcial  (PI.  IV,  .1)  and  on  La  Me«a  w 
of  Mesilla  Valley.  The  Han  Marcial  flow,  covering  about  160  squ 
miles,  was  out|>oured  on  the  Jornada  del  Muerto,  then  occupied  by 
Kio  Grande,  and  probably  create<l  a  dam  that  formed  a  tempon 
lake  in  which  were  ac^umidated  the  great  quantities  of  sand  found 
the  Jornada  north  of  the  lava  sheet. 
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A.     WESTERN  FACE  OF  THE  FRA  CRISTOBAL  MOUNTAINS. 
Showing  two  faults,  a  and  b. 


I' 


K>i''^^V*- 


t! 


y;.      FAULT   PLANE   AT  THE   WESTERN   BASE  OF  FRA  CRISTOBAL   MOUNTAINS. 

Sn-  ,v  n,7  lejr  ne»v  o^  a.  above. 
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DIVERSION    OF  THE    RIO   GRANDE. 

There  is  no  evidence  that  the  river  ever  flowed  over  the  San  Mar- 
rial  lava  sheet.  The  suri^ace  of  this  sheet  is  not  eroded  and,  so  far  as 
observed,  is  devoid  of  foreign  matter  except  a  small  amount  of  wind- 
blown sand.  The  volcanic  dam,  aided  possibly  by  suri^ace  movements 
accompanying  the  volcanic  eruptions,  evidently  diverted  the  river 
fn.)ni  its  old  valley  in  the  Jornada  to  a  new  course  for  a  distance  of 
about  100.  miles  west  of  the  Caballos  and  Fra  Cristobal  mountains. 
At  Dona  Ana  it  returned  to  the  old  debris-filled  valley,  which  it  crossed 
diagonally  and  abandoned  again  at  El  Paso. 

Several  phenomena  which  otherwise  are  difficult  to  explain  are 
made  clear  by  a  recognition  of  this  change  in.  the  course  of  the 
river. 

First,  as  previously  stated,  the  surface  of  the  Jornada  between  San 
Marcial  and  Mesilla  Valley  has  an  average  gradient  of  4.5  feet  per 
mile,  which  is  practically  the  gradient  of  the  river  at  the  present 
time. 

Second,  the  detrital  beds  cut  by  the  river  west  of  the  Fra  Cristo- 
bal and  Caballos  mountains  are  associated  with  rhyolite,  apparently 
extruded  at  the  same  time  as  the  rhyolites  previously  described  as  of 
Tertiary  age,  indicating  that  the  detritus  is  older  and  probably  more 
difficult  to  erode  than  the  loose  sands  and  gravels  that  were  deposited 
later. 

Third,  near  Rincon,  and  again  in  Selden  Canyon,  gypsum  was  noted 
in  the  detrital  beds,  but  nowhere  was  any  indication  of  gypsum  found 
in  the  mesa  gravels  referable  to  the  epoch  in  which  the  Jornada  and 
I>a  Mesa  were  filled. 

Fourth,  as  previously  stated,  Engle  Valley  is  much  narrower  than 
the  other  erosion  basins  formed  at  the  same  time — as,  for  example, 
Mesilla  and  Belen  valleys,  which  have  been  excavated  from  river  sands 
and  gravels  known  to  be  of  recent  origin.  This  difference  is  due,  no 
doubt,  to  the  greater  resistance  to  erosion  of  the  older  detritus. 

SECOND   EPOCH   OF    EROSION. 

The  volcanic  eruptions  and  the  change  in  the  course  of  the  river 
were  followed  by  a  second  epoch  of  erosion.  In  again  eroding  a  val- 
ley, the  river  worked  principally  in  the  unconsolidated  sands  and 
gravels  previously  deposited,  excavating  the  erosion  basins,  but  at  a 
number  of  places  where  it  had  wandered  from  its  old  course  it  cut  its 
channel  in  hard  rock,  forming  the  various  canyons.  The  result  is  the 
succession  of  comparatively  broad  basins  and  short  rock  canyons  that 
characterize  the  Rio  Grande  region. 
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ACCUMULATION    OF   81LT. 

The  second  epoch  of  erosion  was  followed  by  the  deposition  of  the 
silt  and  sand  that  now  form  the  flood  plains  of  the  erosion  basins 
The  depth  of  this  third  valley  filling  is  not  great.  Borings  indicate  t 
maximum  depth  of  85  feet  at  the  International  dam  site  in  El  Paa 
Canyon  and  of  72  feet  at  the  Engle  dam  sit^,  near  Elephant  Butt€ 
The  depth  within  the  basins  probably  does  not  differ  greatly  fror 
that  in  the  canyons,  but  this  can  not  be  stated  positively. 

Tlie  well  records  given  in  the  section  on  undergroimd  waters  ind 
cate  that  the  mesa  gravels  (i/u  of  fig.  1)  are  probably  encoimtered  i 
depths  of  30  to  80  feet.  The  first  "cemented  sand"  in  the  Albuque 
que  well  (p.  34)  is  presumably  a  hardened  layer  of  the  Tertiarj'  bed 
and  the  gravel  beds  in  the  Mesilla  Valley  wells  (pp.  41-46),  encoimterc 
at  depths  of  30  to  75  feet,  are  interpreted  as  belonging  to  the  mes 
gravels.  The  depth  of  flood-plain  deposit  thus  indicated  corresponc 
well  with  the  known  depth  of  filling  in  the  canyons. 

The  deposition  of  sand  and  silt  in  the  erosion  basins  causes  frequei 
changes  in  the  course  of  the  river,  so  that  bayous,  sloughs,  and  oxbo 
lakes  are  common  in  the  bottom  lands.  This  is  well  illustrated  i 
Mesilla  Valley  (PL  X),  where  many  abandoned  courses  ocxjur,  partici 
larly  near  the  southern  end,  some  still  oc<5upied  by  streams  and  othe] 
nearly  filled  with  silt.  A  characteristic  change  in  the  channel  of  ti 
river  occurred  in  1905  near  the  head-gate  of  Las  Cruces  canal, « 
th(^  northern  end  of  Mesilla  Valley.  During  the  spring  floods  of  thfi 
ycMir  the  river  broke  through  the  narrow  neck  of  land  on  the  wester 
side  of  the  valley,  leaving  the  head-gates  about  a  mile  from  the  ne 
channel. 

B.  M.  Hall,  supervising  engineer  of  the  United  States  Keclamatio 
Service,  in  charge  of  the  Rio  Crrande  project,  has  made  computatioi 
of  th(»  amount  of  silt  carried  l>y  the  Rio  Grande.  He  arrives  at  tl 
conclusion  that  the  river  carries,  on  the  average,  14,580  acre-feet 
mud  a  y(Mir,  or  enough  when  dry  to  cover  14,580  acres  1  foot  dee 
The  computation,  although  made  for  the  purpose  of  estimating  t 
time  required  to  fill  the  reservoirs  with  mud,  is  useful  in  this  c( 
necticm  in  indicating  the  possil>ilities  of  rapid  accumulation  whereA 
opportunity  is  offered. 

During  times  of  flood  the  river  naturally  carries  its  maximi 
amount  of  silt,  which  is  thus  admitted  to  the  sloughs  and  overfl( 
districts  and  gradually  fills  them  to  the  common  level  of  the  flo 
plain.  A  similar  action  takes  place  in  the  irrigation  ditches,  whi 
rapidly  fill  with  silt.  Some  of  the  older  ditches  have  thus  been  bu 
up  many  feet  above  the  level  at  wliich  they  were  originally  cc 
structed. 
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RESERVOIR  8ITE8. 

INTRODUCTORY  STATEMENT. 

The  altem2,tion  of  erosion  basins  and  rock  canyons  in  the  Rio 
Grande  Valley  is  especially  favorable  for  the  construction  of  reser- 
voirs and  the  conservation  and  use  of  the  flood  waters  of  the  river. 
Available  dam  sites  occur  in  the  canyons,  while  the  broad  basins  ure 
suitable  for  storage  reservoirs  or  for  irrigation,  according  to  locatiem 
and  character.  Several  reserv^oir  sites  have  been  selected  and  the 
two  most  promising  ones — the  International  reservoir,  at  the  south- 
ern end  of  the  region,  and  the  Engle  reservoir,  west  of  the  Fra  Crista  ilml 
Mountains — have  been  investigated  in  detail. 

INTERNATIONAL  RESERVOIR. 

The  proposed  International  reservoir  is  located  at  the  southern  end 
of  Mesilla  Valley  and  was  designed  by  its  promoters  to  store  watei*  to 
be  used  in  El  Paso  Valley,  which  lies  partly  in  Texas  and  partly  in 
Mexico.  The  dam  site  is  in  the  canyon  about  4  miles  north  of  the 
city  of  El  Paso. 
El  Paso  Canyon  is  a  narrow  gorge  carved  in  solid  rock,  consisting  of 
,  Lower  Cretaceous  sediments  and  eruptive  rocks.  The  strata  have 
been  considerably  fractured  and  faulted.  Rodadero  Peak,  to  the 
west,  has  a  granitic  core  overlain  by  highly  inclined  Lower  Cri^ta- 
ceous sandstones,  shales,  and  limestones.  East  of  the  river  the  strata 
Ke  more  nearly  horizontal,  while  in  the  Franklin  Mountains,  still 
farther  to  the  east,  strata  older  than  Cretaceous  dip  steeply  to  the 
west.  The  shattered  and  faulted  state  of  tlie  rock  is  apparently  the 
only  geologic  condition  unfavorable  to  El  Paso  Canyon  as  a  gmni 
dam  site.  The  gorge  is  narrow,  the  rock  abutments  are  firm,  and  I  he 
depth  to  bed  rock  in  the  channel  is  not  prohibitive,  as  it  is  found  hL  a 
maximum  depth  of  little  more  than  SO  feet.  The  site  has  lMn>n 
described  in  detail  in  the  report  of  the  International  (Wator) 
Boundary  Commission.^ 

Althoughf  the  dam  site  of  the  proposed  reservoir  is  a  good  one, 
geologic  conditions  are  not  favorable  to  the  successful  storage  of 
water  in  the  southern  part  of  Mesilla  Valley.  As  previously  pointer! 
out,  the  old  gravel-filled  valley  of  the  Rio  Grande  passes  southward 
into  Mexico  west  of  Rodadero  Poak.  The  water  of  the  reserv  tiir 
would  be  impounded  in  the  basin  eroded  from  the  imconsolidiitCM^l 
gravels  of  the  old  valley  fillings  and  would  imdoul)te(lly  escape  to  some 
extent  through  these  gravels  until  such  tinu*  as  they  might  become 
impervious  from  silting.  It  is  an  open  cjuestion  how  nuich  time  would 
elapse  before  this  silting  would  heconu*  ofFoctiyo  in  proyonting  leakage- 

aProceedings  Intcnmtional  (Wntor-  iiuiindary  ('(>imni.ssi<»ii.  I'lulcd  SUitos  juid  Moxico,  19()3,  vi*lii^ 
&ad2. 
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ENGLE  RESERVOIR. 
LOCATION.     • 

The  proposed  Engle  reservoir  site  is  located  in  Engle  Valley,  west  o 
the  Fra  Cristobal  Mountains,  and  is  best  reached  from  Engle,  a  smal 
town  on  the  Atchison,  Topeka  and  Santa  Fe  Railway.  The  site  o 
the  proposed  dam  is  in  the  rock  canyon  near  Elephant  Butte,  a  largi 
volcanic  neck  standing  near  the  river,  as  shown  in  PI.  IX. 

ROCK    FORMATIONS. 

Tlie  rocks  near  the  proposed  reservoir  are  of  several  kinds.  In  thi 
mountains,  a  few  miles  distant,  there  are  pre-Cambrian  granites  over 
lain  by  Paleozoic  and  Mesozoic  sandstones,  shales,  and  lime-stones 
and  in  the  valleys  there  are  Tertiary  and  Quaternary  sands,  gravels 
and  eruptive  rocks.  The  rocks  that  will  probably  be  of  economic 
importance  in  building  the  proposed  dam  are  the  Carboniferous  lime 
stones  and  shales  of  the  Caballos  Mountains,  the  Cretaceous  sand 
stones  forming  the  abutments  of  the  dam  and  comprising  the  greate 
part  of  the  area  mapped  in  PI.  VIII  as  "rock,"  also  shown  in  the  fore 
ground  of  PI.  IX,  and  the  basaltic  rock  found  in  Elephant  Butte  am 
in  the  dikes  of  that  vicinity,  as  well  as  in  the  lava  flows  and  crate 
cones  on  the  Jornada  to  the  east,  shown  in  the  distance  in  PI.  IX. 

The  unconsolidated  sands  and  gravels  of  Tertiary  and  Quatemar 
age  are  mainly  of  negative  importance,  since  they  form  the  floor  anc 
confining  walls  of  the  reservoir  and  endanger  leakage. 

STRUCTITRE. 

The  geologic  structure  in  the  vicinity  of  Elephant  Butte  has  beei 
described  in  a  general  way  under  the  heading  '^Central  area  "  (pp.  9-1 6) 
where  it  is  shown  that  the  face  of  the  Fra  Cristobal  and  Caballo: 
mountain  ranges  (see  PI.  VII)  are  due  to  faulting  and  that  the  detri 
tal  valleys  are  due  to  the  filling  of  the  troughs  thus  formed  with  rocl 
d6bris.  The  structure  is  illustrated  in  detail  in  the  Elephant  Butt( 
area,  a  map  and  cross  section  of  which  are  given  in  PI;  VIII.  The 
fault  at  the  western  base  of  the  mountains  passes  through  this  region 
separating  the  unconsolidated  detrital  beds  to  the  west  from  the  rocl 
formations  to  the  east.  The  rocks,  consisting  mainly  of  X'ppei 
Cretaceous  sandstones  and  shales,  are  more  or  less  fractured  neai 
the  fault  and  incline  in  a  general  easterly  direction,  the  dip  varying 
from  about  10°  to  90°. 

The  high  lava-covered  surface,  shown  at  the  right  in  the  sectioi 
PI.  VI II  and  in  the  distance  in  PI.  IX,  is  the  western  edge  of  the  Jornada 
del  Muerto.  About  300  feet  below  this  level  and  150  feet  above  th< 
river  a  broad  terrace  is  cut  in  the  sandstones  east  of  the  fault  line  and  ir 
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Lhe  (ietrital  l>eds  west  of  the  fault.  This  terrace  is  traceable  through- 
3Ut  the  length  of  Engle  and  Las  Palomas  valleys  and  is  most  conspicuous 
tvest  of  the  river,  where  it  forms  a  shelf  several  miles  wide  in  places. 
[t  differs  from  the  terraces  illustrated  in  fig.  1  in  being  a  surface 
nainly  of  erosion,  probably  formed  at  a  time  w^hen  the  dowi»  cutting 
)f  the  river  was  temporarily  arrested,  for  some  reason  as  yet  unknown, 
luring  which  time  the  river  cut  laterally,  flowing  in  part  over  the  rock 
md  in  part  over  the  detrital  beds  to  the  west,  crossing  and  recrossing 
:he  fault  line.  When  the  river  resumed  its  down  cutting  it  eroded  a 
:anyon  partly  in  rock  and  partly  in  detritus,  as  showTi  in  PI.  VIII, 
lOstead  of  taking  the  course  to  the  west,  where  no  hard  rock  would 
have  l)een  encountered. 

SPILLW^AY. 

The  ease  with  which  erosicm  is  accomplished  in  the  detrital  beds  is 
well  illustrated  in  the  three  oxbows  formed  we^t  of  the  fault  line, 
where  the  river  passes  from  the  rock  into  the  detritus.  The  southern 
^nd  middle  bows  are  now  only  2  miles  apart  and  are  separated  by  a 
Hdge  of  detrital  material  already  partly  eroded  away.  The  spillway 
^f  the  Engle  reservoir  has  been  located  tentatively  in  this  depression. 
Considered  from  the  topography  alone  the  depression  is  an  excellent 
nation  for  a  spillway,  since  the  waters  from  the  overflowing  reservoir 
Aould  escape  at  a  point  far  enough  away  from  the  dam  to  insure  the 
>afety  of  that  structure.  The  nature  of  the  rock,  however,  must  also 
)e  considered. 

A  small  valley  heading  in  the  spillway  at  the  summit  of  this  ridge 
s  indicated  in  PI.  VIII.  The  map  was  not  completed  to  the  south 
)Ut  a  similar  valley  extends  from  the  spillway  southward  to  the  bend  in 
he  river  at  the  northern  end  of  the  Caballos  Mountains.  These  val- 
eys  have  been  carved  from  the  unconsoUdated  sediments  by  such 
emporary  streams  as  result  from  the  drainage  of  a  very  small  area,  a 
act  distinctly  unfavorable  to  the  location  of  the  spillway  of  a  great 
eservoir  in  material  so  easily  eroded. 

The  proposed  spillway  is  close  to  the  fault  line  and  it  is  possible  that 
oUd  rock  might  be  found  at  no  great  depth  beneath  the  surface.     In 

small  valley  south  of  the  spillway  sandstones  occur  in  a  nearly  ver- 
ical  position.  But  whether  tliese  are  near  enough  to  the  surface  to 
arrant  the  establishment  of  a  spillway  at  the  point  proposed  remains 
)  he  determined. 

A  spillway  constructed  near  the  dam  might  have  the  disadvantage 
"  greater  cost,  since  it  would  require  the  excavation  of  a  considerable 
nount  of  hard  rock,  but  the  advantage  of  greater  durability  and  the 
)sence  of  danger  from  rapid  erosion  along  the  course  of  the  over- 
)wing  waters  would  probably  more  than  compensate  the  additional 

►St. 
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COXSTRllCmOXAL  MATERIALS. 

\ 

liu  tl(h  ntf  sfom .   -S(»viTal  varieties  of  building  stone  are  found  within    i 
\\w  KIcphant  ButU'  area.     Massivo  limestones  and  red  sandstones  of    { 
(-arbnnifrrous  a^o  (xvur  in  the  Caballos  Mountains,  the  northern  end    | 
of  wliicli  is  1  \  miles  distant  from  the  site  of  the  proposed  dam.    ^hs- 
siv<»  sandstones  nf  Tppor  Crotiu^eous  age  occur  at  the  dam  site  in  the     ' 
walls  of  the  canyon.     Fiol<l  ()l)ser\'ations  indicate  that  these  will 
prohahly    prov<»    valuahh*   for   purposes   of  constniction.     But  the 
stronpvst  and  most  durable  as  well  as  the  most  accessible  building    ; 
stone  is  the*  hasalt  of  Klephant  Butte,  which  occurs  close  to  the  dam 
site.      (PI.  VIII.) 

Onicnf  niiitivUiL — The  ])rohlein  of  procuring  cement  for  the  con- 
struction of  the  dam  is  important.  Cement  must  either  be  hauled 
about  12  miles  from  the  nearest  railway  station  or  manufactured  m»ar 
the  (lam  site.  C\»nuMit  material  is  available  in  the  Elephant  Butte 
area.  In  the  northern  end  of  the  Caballos  Mountains,  at  the  mouth 
of  Nh'scal  Canyon,  limestone  and  shale  occur  in  abundance.  Stunples 
of  each  wen*  taken  and  were  analyzed  in  the  laboratory  of  the  rnitod 
States  Reclamation  Service  at  Berkeley,  Cal.  The  samples  were  not 
selected  by  om*  familiar  with  the  technical  re<iuirements  of  cement 
mainifacturc,  and  probal)ly  more  suitable  material  may  be  found. 
Tlu^  analyses  of  these  samples,  t^ivon  below,  must  be  regarded  as  pre- 
liminary, but  indicate*  that  pxxl  ctMuent  materials  may  be  found  ne»^f 
the  <lani  site*. 
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The  ratio  ^  o  -4- \1  (T  ~  "^'^  ^  ^^'^  within  the  limits  of  the  ratio 
>2.3  or  <3.6.  The  MgO  content  is  low,  and  the  absence  of  SO3  make« 
this  material  one  of  the  purer  clays,  considered  from  a  technical 
pomt  of  view. 

CoaJ. — Coal  has  b^en  found  in  Mescal  Canyon  about  4  miles  south 
of  Elephant  Butte.  AVhere  exposed  at  tlie  surface  the  beds  are  only 
a  few  inches  thick,  but  are  associated  with  a  considerable  amount  of 
carbonaceous  shale.  The  coal  is  in  the  same  formation  that  contains 
valuable  deposits  of  coal  at  Carthage  and  other  places  farther  north, 
but  the  prospects  have  not  been  developed. 

SAN  ACACIA  RESERVOIR. 

The  narrow  gorge  at  San  Acacia  is  one  of  the  j)roposed  dam  sites  of 
the  Rio  Grande  region.  The  broad  Belen  Valley,  to  the  north,  nar- 
rows abru{)tly  at  this  point  on  account  of  the  sheet  of  basalt  which 
here  covers  the  detritus.  Measurements  made  at  this  point  by  Mr. 
R.  H.  Chapman,  of  the  United  States  Geological  Sui*\'ey,  indicate  that 
a  dam  50  feet  high  would  be  1 ,200  feet  in  length  and  would  flood  about 
IH  s([uare  miles  to  an  average  depth  of  25  feet,  thus  impounding  about 
2SS,000  acre-feet  of  water.  A  higher  but  longer  dam  might  be  con- 
structed, but  the  maximum  possible  height  is  less  than  75  feet  above 
the  river  bed,  the  limiting  factor  being  the  broad  sand  gap  to  the  north- 
west, the  surface  of  which  is  about  75  feet  above  the  river  level. 

Probably  the  most  serious  objection  to  San  Acacia  Gorge  as  a  dam 
site  is  found  in  the  nature  of  the  rock.  The  hard  basalt,  which  main- 
tains the  steep  walls  of  the  gorge,  is  a  comparatively  thin  sheet  resting 
on  unconsolidated  sand  and  gravel,  cut  by  basalt  dikes  representing 
the  vents  through  which  the  material  of  the  sheet  was  extnided. 
Judging  from  surface  indications,  there  is  little  prospect  of  finding 
solid  rock  sufficiently  near  the  surface  to  be  useful  as  a  foundation  for 
a  dam,  and  the  loose  gravels  would  probably  allow  serious  loss  of 
impounded  waters  by  leakage. 

SAN  FELIPE  RESERVOIR. 

Little  can  be  added  to  the  published  (lescrij)ti()n"  of  this  gorge  as  a 
reserv^oir  sit«.  The  proposed  dam  would  be  2,.*^5()  ioei  long  and  would 
submerge  only  1,511  acres.  San  Felipe  gorge  is  similar  to  that  at  San 
Acacia  in  being  formed  by  flows  of  basalt  capping  unconsolidated 
sands  and  gravels.  At  this  point  there  are  two  flows  of  basalt  sepa- 
rated bv  a  few  feet  of  sand,  as  shown  in  the  cross  section  of  White 


a  Newell,  F.  II.,  Twcnty-drsl  Ann.  Urpt.  I'.  S.  (h-oI.  Stirv.y.  pi.  4.  1*.«<)1.  pp.  27,>-2Tr.. 
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Rock  Canyon,  given  in  fig.  2.  The  material  to  an  unkno>Mi  depth 
beneath  the  lava  sheet  is  sand  and  gravel,  rendering  the  gorge  un(l^ 
sirable  avS  a  dam  site. 

ESPANOLA  RESERVOIR. 

The  Esj)an<)la  dam  site,  located  at  the  head  of  White  Rock  Canyon' 
has  been  described*'  as  consisting  of  clay  beds  in  which  blocks  of  basalt 
are  embedded,  the  unconsolidated  material  extending  indefinite 
beneath  the  bed  of  the  river.  Near  this  site  thick  beds  of  rhyolite 
tuff,  west  of  the  river,  and  basalt,  to  the  east,  rest  on  the  detrital  beds, 
as  shown  in  the  section  forming  fig.  2  and  in  PI.  IV y  B.     The  absence 

a  9 


:6asatt  flow 


Fig.  2.— St'ctlon  ncross  Whit«>  Rock  Canyon  near  Espanola  dam  site. 

of  bed  rock  near  the  surface  makes  this  locality  of  doubtful  value  as 
a  dam  site. 

The  proposed  reservoir  covers  o,437  acres  and  has  a  capacity  of 
1<S0,SG1  acre-feet. 

WATKR  Sl'PPLY. 

SURFACE  WATERS. 
RAINFALL. 

On  a(!coiint  of  the  great  difrerences  in  altitude  of  plac<?s  that  lie 
within  short  distances  of  one  another  in  the  Rio  Grande  region  the 
amount  of  rainfall  varies  greatly  from  place  to  place,  the  mountain 
peaks  serving  as  foci  about  whic^h  local  storms  gather.  Few  storms 
occur  in  which  precipitation  is  uniform  over  a  large  area.  The  greater 
part  of  the  rain  falls  as  local  show<»rs  close  to  the  hills  in  which  they 
originate.  This  fact  is  indicated  quantitatively  in  the  following  table 
of  rainfall,  in  which  the  stations  nearest  the  hills  show  the  greatest 
precipitation.  At  Santa  Fe,  situated  at  the  base  of  the  Rocky  Moun- 
tains, the  average  yearly  precipitation  is  14.5G  inches,  while  at  San 
Marcial,  situated  near  the  center  of  the  Rio  (irande  region  and  far 
from  high  mountains,  the  average  is  4.S4  inclies  and  the  minimum 
is  only  1.17  inches. 

a  NowoII,  F.  n.,  Twenty-flwt  Ann.  Rept.  U.  S.  Cicol.  Survoy.  pt.  4.  IWl.  pp.  2fv'>-2e9. 
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Table  1. — Rainfall  in  Hie  Rio  Grande  region,  New  Mexico,  in  inches. 


Loc*litj'. 


1896.   1897. 


I 


1806.   1899.   1900. 


11. 


6.39 


(7.  45)      5. 90 
6. 89  I     4. 89  I 


.Utoquerqup 7.02 

ArniliUo 7.89 

Giinbniy 

HPmo 9.79 

KoKle 10.84 

IfDuicU ;  8.06 

G§hatfo I  12.22 

eaisboro ;  12.21 

iosLaoAS !  7.65' I ■    6.05 


12.41  ■ 
16.89 


6.16 
14.38 
7.78 


1901.  I   1902.      1903.  I   1904.      1905. 


10.19       4.94  ,     5.83  ;    6.82       4.  CO 


7.30  , 

7.72 

6.25 


7.95 
6.03 
10.20 


7.71  ,    6.64 
8.68  I  10.1'.  , 
&49  I 


8.02 
16.63  I 


11.46 
11.30 


9.30    (11.59) I  16.49 

17. 13  ;  10.54       4.60       6.  43  ' 


8.9(i 
1.74 


Mesillft  Park 

Rioeon i 

San  MarHal 6.55  i 

SanU  Fe 14.28  i  20.40 

Socorro ' 10.61 

I  I 


11.21 
11.13 


12.97 


9.67  I     &40  I  11.96  I  10.&0     10.29 


10.  45 
10.  13 


17.80 


17.09 


6.78    1     1.17  I i 

M).  15  ,  15.89  I  17.41  !  13. ;«  I     9.70     14.19     17.22 
7.71  I     7.05     10.06  ! ! i  22.40 

I  I  I  I  . 


Aver- 
age for 

the 
years 

re- 
corded. 

6.85 
7.39 
5.96 
10.82 
10.72 
8.08 
12.30 
10.18 
8.71 
10.65 
11.44 
4.84 
14.56 
11.57 


Geoer^l  average  for  the  Rio  Grande  region 9. 57 


EVAPORATION. 

Evaporation  throughout  the  Rio  Grande  Valley  greatly  exceeds  the 
rainfall.  Records  for  only  three  years  are  obtainable,  but  these  were 
made  near  the  extremities  of  the  region  here  considered,  and  probably 
represent  adequately  the  evaporation  for  the  entire  area.  The  first 
was  made  at  the  International  dam  site  near  El  Paso  during  the  year 
1890.  *»  Those  for  the  years  1900  and  1903  were  made  at  the  Climato- 
logical  Laboratory"  of  the  University  of  New^  Mexico  at  Albuquerque.* 


Table  2.  -Evaporation  in  the  Rio  Grande  nyion,  in  inches. 

At  Inter- 
national 
reservoir 
site  for 
1880. 

At  Albu- 
querque 
for  1900. 

At  Albu- 
querque 
for  1903. 

1.81 

. 

At  Inter- 1                   1 
1  nutional    At  Allni-  At  Albu- 

reservoir    quorqu*^     querquo 
i   site  for  .  for  HKW.     for  1903. 
1890.                         ' 

fanoarv 

2.0 

2.04 

1   August 

11.4           10.21             11.73 

Febniarv 

2.0 

2.63 
6.17 
6.82 
10.08 
12.63 
11.78 

2.07  1    8epteml)er 

5.21      October 

10.05  1    Noveml)er 

..1            9.2  1          8.00  1            9.65 

Ilarrb  ,    . 

6. 8  1           4. 38  '            0. 62 

April 

4.6  ,           1.73               4.21 

mSf 

Jane 

Joly 

10.8 
11.2 
9.6 

10.98 
11.33 
12.30 

Deceml>or 

Total 

VAGE. 

2.9             1.40  '             1.88 

84.8           77.  K7  1          87.90 

1                    1 

Avenge  for  three : 

(rears,  83.5 

DRAI^ 

The  drainage  area  of  the  Rio  Grande  north  of  El  Paso,  according 
to  the  reports  of  stream  measurements  made  by  the  United  States 
Geological  Survey,  is  38,000  square  miles,  of  which  7,695  square 
miles  lie  north  of  Cenicero,  Colo.,  leaving  about  30,000  square  miles 
as  the  area  of  the  drainage  basin  within  New  Mexico. 

The  Rio  Grande  is  mainly  a  flood-water  stream  and  is  subject  to 
great  fluctuations  in  volume.     It^s  permanent  flow  is  slight  and   is 


«  Thirteenth  Ann.  Rept.  U.  S.  Oeol.  Survey,  pt.  3.  18*Ki-9l.  \\  411. 
*  Weinxiri,  John,  Bull.  Hadley  CUmatological  Laboratory,  I'niv.  Now  Moxicci. 
5-8. 
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derived  iiiaiiily  from  the  mountains  north  and  east  of  the  area 
described.  The  tributaries  within  the  Rio  Grande  region  yield  little 
])erinanem  supply,  although  Galisteo  Creek  andRioPuerco  contribute 
small  volumes  of  water  during  the  greater  part  of  the  year.  Many 
of  the  tributary  channels  carry  small  permanent  streams  near  their 
heads  in  the  hills,  but  the  water  in  most  of  these  sinks  beneath  the 
surface  before  reaching  the  river. 

The  Hoods  that  supply  the  greater  part  of  the  flow  of  the  Eio 
(iraiuU>  are  of  two  general  kinds,  one  due  to  the  annual  melting (rf 
snows  in  the  uiountains,  often  accompanied  by  general  rain  storms, 
the  other  <lue  to  local  showers  or  "cloud-bursts.''  The  first  occur 
regularly,  but  those  due  to  local  showers  are  very  irregular,  both  in 
volume  and  in  time  of  occurrence.  Sometimes  the  river  bed  is  dry 
for  sev<Tal  months  and  at  other  times  it  carries  disastrous  floods, 
the  yearly  discharge,  for  example,  at  El  Paso,  varydng  from  50,768 
to  2,011,794  acre-feet,  or  a  proportion  approximating  1:40. 

Th(»  records  of  discharge  kept  by  the  Geological  Survej^  since 
ISO?  at  Kl  Paso,  Saji  Marcial,  and  Ildefonso,  and  since  1899  atCeni- 
cero,  nejir  th(*  Colorado  and  Xew  Mexico  boundary,  are  as  follows: 

Tahlk  .S.    -.\foiithhj  t/isrhanjf  ofthf  Hut  Qrande,  in  acre-feet. 
KL  IWSO,  TKX. 


Montli. 


.IjiiiiiKry  .  . . 
I'cl)niiiV\  .  . 
Ma  nil  .  ;... 

April 

May 

.llMlr 

Flllv 

Vn-'i>t  ... 
Si>|(t«  niluT. 

OcIoImt 

.XovtMiihcr. 


is.  7". I 

10.771 

J.  JJ7 

i(i;i.:..{7 

.■.ll.(>^.^ 

•»''>_',  t»77 

M.77(> 

V.  I  If. 

n. '.»:.() 

IdS.II'.Ki 

ii7.:i.v.» 

Ii..si2 


i.v»s. 


!'7.'.»n 
no.  v.^2 
111.  .■.70 


12. 'UJ 
ll.-i^io 
7.071 
s.  .S07 
I0..v{0 


IM, 


KJO 

ll'.» 

.71s 


.-..-.;H 
t;{0 

I2:i 
il'» 


N.  110 

.■),»>S0 

il>0 

n.sio 
<i;{.  KM)  , 
70  . 

0 


\\*n. 


278 

:\.  W} 

0 
l.")S,  l(r2 
77,«»3S 

»10.  (W 

.-..  XM) 
12.si;< 
7.  w:i 


r.   I 


iwe. 


S.291  ' 
.•).772  I 

fAi  i 
7.«ai  . 

526  I 

307, 
20  , 
14,499 
0,313 
1.42S 

29S 
1.775 


liKKi. 


liKKI. 


615 

972, 

1,289 

3S7  ' 

22.602 

01 

49.468 

0, 

203.623 

0 

586.909 

0 

158.202 

0 

4.334 

7,39S 

1.031 

10.959 

2,033 

366,486 

298 

48,397 

2,440 

38.182 

Ynir 


i.:;r»i  ).;>»■•<)    tWiM.ix.ts 


Total  for  uiiu'  ynirs.  (;.'jO,i.O(;«>:  avorap'  for  niin-  vt-ars.  «is«.M.V.'. 

SAN  MAHCIAL.  N.  MKX. 


1»5. 

35.«0 
a3W 
188.4* 
197.911 
515.950 
S51.H7 

19,7S5 
3.322 
4.225 
35,458 
37  478 


.:a{      l(i'.>.7.-.l     ;i(i;i.«r.7  .     :><K7fi8    1,032,844  i  472,781  !  2,01l.7W 


M(.ntli. 


1S07, 


ISIW. 


.lanuary 19.iV),3 

Fehniary 24. 325 

Manh 10.707 

April 212.548 

Mav 7:^,1% 

Juiio ;W..426 

.hilv (v)  077 

August r».  119 

Soptoriibor 114,188 

Oclobor ,  2Sl.fi77 

NovcmlxT 175, 715 

Dwcrnbor 152. 736 


075  I 
425  ! 
164  I 
4.58  I 
832  ' 
268  I 
062 
83.-> 
(VII  , 

2:^0 

722  1 
365  I 


1S!>0. 


27..S.'-,4-, 
24.r.(W  , 
27.5^10  . 

35.  (M8  ' 

<J,52  ' 

28,407  ' 

o..m'> , 

2. 016  I 

076  I 

9.  .521  1 

21.82S  1 


10.  >2 

;r..o<»o 
:«.  iH« 

0,248 

123.  .590 

1,")9.SS8 

1-23 

0 

73.  VM) 

1-23 

2, 440 

10.0S4 


24.718 
25. 4HS 
15.114 
23,r.8:i 
2.V»,  llY. 
Wt.  17S 
50, 2W) 
05.  .5.34 
37.607 
17.01S 
20.a53 
10.240 


22. 731 
17,  ir) 

7.*>.'i4 
40,  UHi 
21n7M7  ' 

0, 407 

0 

40.210 

13.;M0  1 

823 

4.011 
11.280 


17. 197 
21.927 
40.790 
100.007 
318. 367 
600. 476 
77.841 
3.064 
1.438  I 
.545  j 
5,  ,5.34 
1H.883  ' 


1904. 


10,840 

18,902 

6,060 

0 

0 

0 

10,532 

55,974 

44.727 

463,240 

51,709 

41.752 


1905l 


39.114 

63,868 

217,904 

279,392 

962.221 

714.268 

35.782 

20,093 

5.276 

7.349 

42.397 

34.344 


Year. 


2.215.257     964.677  i  2.30. KC)  i  484.570     000,025     200, 72<)  ,1,272.000  |  709,796  .  2,422,008 


Total  for  nine  years,  9,168,966;  uvoiuf?o  for  nine  ycura  1,01K,774, 
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US 


'able  X^MonJihly  discharge  ofiKe  Rio  Orande^  in  acre-ftei — Continued. 
ILDEFONSO,  N.  MEX. 


1807. 

I»8.          1890. 

1900. 

1901. 

'  1002. 

,     1S03. 
23,  m 

I72,3H 

«M,fll3 
7t».4fl« 
136.780 
26.^ 
22.XJ4 
21.8|b 
1      25,1% 

^.6ir 

IWM, 

1905. 

.„.J      ».7I* 

^      3D,  MJl 

W,7S0 

.„.,!    303.113 
..„.      7^,354 

300,  las 

97,274 

j      27.123 

..,..1      40,463 
...-.      136,196 

1      7U«8l 

....       33,330 

21,705       9A,flO0 

24.936       3.^509 

33,449       «M64 

as,  864     176,430 

300,328  1  117,887 

223,973       23,712 

161,590      3fl,647 

39,168       22,107 

ilJ,279      -13, 137 

31.890       26,563 

35,583       H.W&'i 

30. 168       3S. 184 

3a,7TO 
32,3-22 

51,. 531 
2H,M7 
173,395 

laaaa 

10,115 
42.605 
23,796 
25,2M9 
29,033 

34.410 

36,543 
45.634 
83.425 

3t9.%7 
13D.S50 
44.«al 
50.830 
34.5t2 
3t).lfl0 
27.401 
28,4fiS 

a&0,554 

30.  M3 

33, 7W 

fi(7.fi?7 
73.567 
JK.215 
16.730 
31. 16& 
28.790 
17, 1ST 
IS,  386 
19,220 

30,910 
24,220 
31,340 
27.310 
2i,l§0 
17,020 
15, 130 
0L.9BO 
U8,.Tt)0 
2,V2,  800 

3.5,120 

728^050 

43,470 
51,500 
158. 100 
2L8.900 
785,300 
572.  700 
53,740 
38,680 
33, 150 
25,ftW 
37,060 
37,  MO 

.1 

1,086.933     682,344  '  707,472 

424,312 

.1,067,714 

2,017,380 

line  years,  10,097.30 

7;  average  for  eight  years,  1.121. 
CENICERO,  rOLO. 

K23. 

Month. 

]{«0. 

IVQD. 

IBor 

looe. 

1903. 

IQOC 

IflOS. 

(«) 

ai,220 
42,153 
35,847 

87,927 

36,534 
32,207 
22,443 
16,  W2 

32,035 
42,007 
33,757 
18,744 
30,129 

K'm 

1,353 
1,045 
1,5*7 

i,*fla 

1,76ft 
a,375 

1,537 

1.3ft8 

2.091 

m.ti»4 

133.713 

37ft,  330 

72.432 

2.«I0 

5.355 

J2.674 
18.509 

18,820 

23,980 

7.5B3 

9,104 

1,322 

l,20ft 

1,076 

8,ti08 

11.660 

97,770 

24,750 

55,310 

e9,&40 

a;  682 
12S& 

%vm 

7,194 
IJi,  412 
19,553 

66,370 

53,400 

44.270 

309,300 

S4.734        m,40S 
1,783          £,041 
1.353          3,680 
1.845          3,975 
2,27*          3,330 
9.223          4,2^4 

35,109        aO,721 

507.600 

]5,8t]0 

9.460 

3,735 

_. ,.._. 

6.044 

13.850 

al,730 

3^9.  aiu 

319.  h\% 

iTlRia 

642,007 

2»JS1 

1.210.000 

' 

a  No  record, 
lix  years,  complete,  2,960,123;  average  for  six  yours,  493,354. 

UNDERGROUND    WATERS. 

Lio  Grande  region  embraces  several  more  or  less  separate  geo- 
3vinces  and  the  underground-water  resources  may  be  most 
3ntly  described  by  districts. 

SANTA    FE   DISTRICT. 

anta  Fe  district  is  located  in  the  Rocky  Mountains  region  on 

Grande  north  of  Galisteo  Creek.     The  strata,  composed  of 

'  consolidated  sands,  gravels,  and  beds  of  mountain  wash  of 

age,  dip  to  the  west   away  from  the  mountains.     The  incli- 
i  the  strata  and  their  exposure  in  the  region  of  greatest  pre- 
n  ^\n[thin  the  area  described  are  favorable  to  the  occurrence 
an  water, 
two  deep  wells  have  been  sunk  in  these  deposits,  and  in  neither 

was  water  found  under  notable  pressure.  The  first  one, 
sveral  years  ago  in  search  of  art(\sian  water,  is  S  miles  south 
a  Fe.  In  this  no  surface  flow  was  obtained.  The  second, 
188—07 3 
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drilled  in  1905  at  the  Santa  Fe  Indian  School,  is  a  12-inch  well,  989  /^^ 
dee]),  and  penetrates  angular  wash  principally  except  for  75  feet-  of 
conijjlonierate  encountered  at  a  depth  of  225  feet.     Water  was  foiiXia 
at  a  depth  of  100  feet  and  rose  44  feet,  but  its  volume  is  small  and  the 
supply  is  easily  exhausted  by  pumping.     Water  was  also  obtained  in 
the  75  feet  of  ijonglonierate  and  in  several  thin  gravel  strata  not 
recorded.     This  well  is  on  comparatively  high  ground,  its  altitude 
being  about  7,000  feet,  and  near  the  eastern  or  highest  part  of  the 
detrital  formation.     It  is  probable  that  on  lower  ground,  nearer  ihe 
river,  water  might  be  found  under  pressm'e  sufficient  to  produce  sur- 
face flows.     Water  emerges  from  this  formation  as  springs  along  the 
river  at  an  altitude  about  1,500  feet  lower  than  that  at  Santa  Fe  and 
along  the  lower  reaches  of  Santa  Fe  Creek.     At  La  Cienaga,  12  niiles 
southwest  of  Santa  Fe  and  about  700  feet  lower,  there  are  several 
springs  of  sufficient  volume  to  irrigate  a  considerable  tract  of  land. 

Record  of  well  at  Santa  Fe  Indian  School, 

Feet. 

Mountain  wasli * 0-225 

Congloniorato 225-300 

Mountain  wash . . .  ^ 300-989 

ALBUQUERQUE    DISTRICT. 

The  Albuquerque  district  may  be  considered  as  extending  fron^ 
Galist(M)  (Voek  southward  to  Isleta.  The  geologic  formations,  so  f*^ 
as  they  luiv(»  been  penetrated  by  wells,  are  composed  of  unconsolidate^ 
material  and  carry  no  water  under  pressure.  Water  saturates  tb^  ] 
ll()<)(l-j)lain  material  to  the  level  of  the  river  and  is  found  in  abundance  , 
wherever  wells  penetrate  to  that  level. 

A  few  wells  sunk  on  the  "inesa"  east  of  Albuquerque  obtain  water 
at  horizons  somewhat  liighcT  than  that  of  the  river.  A  well  at  the 
University  of  New  Mexico, ''  1  mile  east  of  ^Vlbuquerque,  is  240  feet 
dee])  and  contaiiis  water  at  a  depth  of  200  feet,  about  20  feet  higher 
than  the  river  level,  while  the  ''military  well,''  7  miles  east  of  AJbu- 
quenjiie,  contains  water  at  a  (ie])th  of  420  feet,  or  about  130  feet  above 
the  river  level. 

The  deepest  well  in  this  district,  710  feet,  is  in  Albuquerque,  at  the 
city  water\vorks.  It  is  a  12-inch  double-steel-cased  well,  to  which 
water  is  admitted  only  below^  a  depth  of  350  feet.  In  addition  to  this 
deep  well  the  water  company  owns  seven  G-inch  wells  and  one  12-mch 
well,  each  291  feet  deep,  and  a  Go-foot  dug  w- ell,  from  the  bottom  of 
which  25  ])ipes  are  driven  to  depths  of  35  feet,  the  water  being  admit- 
ted only  from  the  bottom  of  these  pipes,  or  100  feet  below  the  surface. 

a  Woinzirl.  John,   Bull.  Hadiey  Climatological  Laboratory  of  Univorsity  of  New  Mexico,  vol.  10, 
19()5,  p.  12. 
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Ke  wells  together  yield  an  average  of  3,000,000  gallons  a  day,«or 
^  gallons  a  minute. 

be  710-foot  well  has  been  tested  alone  and  yielded  600  gallons  a 
ute,  with  a  local  depression  of  the  water  surface  "within  the  well  of 

eet. 

Record  of  the  city  waterworks  weU  at  Albuquerque  j  N.  Mex. 

Feet. 

Soil 0-  10 

Sand  and  coarse  gravel 10-  35 

CTay 35-  40 

Sand  and  coarse  gravel 40-  71 

Cemented  sand 71-  75 

Oay 75-80 

Cemented  sand  and  hands  of  "  sandstone  " 80-179 

Sand  and  gravel 179-1 85 

Hay 185-189 

Cenient^Mi  sand  and  clay 189-243 

Yellow  clay 243-292 

Cemented  sand 292-320 

Yellow  clay '. 320-362 

Sand  and  clay 362-386 

Shale  and  sand 386-397 

Cemented  sand 397-442 

Yellow  clay 442-456 

Cemented  sand 456-471 

Sand  and  clay 471-487 

Clay,  sand,  and  gravel 487-572 

Quicksand 572-614 

Clay  and  cemented  sand 614-710 

HELEN    DISTRICT. 

OENERAL  CONDITIONS. 

he  Belen  district  extends  from  Islcta  southward  to  a  point  a  few 
s  north  of  Socorro,  where  the  Kio  Grande  Valley  narrows  between 
encroaching  hills,  as  shown  in  PI.  I.  1  hrough  the  center  of  this 
let  extends  the  erosion  basin  known  as  Belen  Valley.  The  surface 
le  broad  flood  plain  formed  by  the  deposits  flooring  the  valley 
fis  only  a  few  feet  above  the  river  bod,  and  the  material  composing 
deposits  is  saturated  with  water.  Sliallow  wells  throughout  the 
jin  land  reach  this  water  at  depths  of  5  to  15  feet  and  readily 
in  it  in  large  quantity. 


le  Atchison,  Topeka  and  Santa  Fo  Railway  Company's  well,  1.5 
u  south  of  Belen,  is  the  only  (Hic  within  this  district  from  which  a 
I  and  constant  supply  is  pumped.  It  is  a  du*,^  well,  15  feet  deep 
20  feet  in  diameter,  and  contaii  s  7  feet  of  water.      It  has  yielded 


r- 
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50,000  gallons  a  day,  and  would  probably  yield  more  if  necei^ 
Tho  well  is  situated  on  the  flood  plain  of  the  river  in  gravel  and  cc^ 
sand,  and  the  water  level  in  the  well  rises  and  falls  with  that  of 
river. 

No  important  deep  wells  have  been  sunk  on  the  lowlands  of 
Belon  district.  One  at  the  Belen  flour  mill,  35  feet  deep,  owneil 
John  Becker,  and  another  at  the  CathoUc  Church,  85  feet  deep, 
the  deepest. 

Three  deep  wells  have  been  bored  in  the  mesa  gravels.  One  at 
orado  siding,  on  the  Atchison,  Topeka  and  Santa  Fe  Railway  bra 
known  as  the  Belen  cut-off,  is  500  feet  deep  and  contains  34  fee 
water.  This  well  is  9  miles  southeast  of  Belen  (altitude,  4,7SS  U 
at  an  elevation  of  5,012  feet,  or  224  feet  higher  than  Belen,  the  w 
level  in  this  well  being  234  feet  lower  than  the  water  at  Belen. 

lieconl  of  Atchiitonf  Tojx'ka  and  SanUi  Fe  Railway  Cornpany^s  toeU  at  Colarado  giding, 

Mexico. 

Feet. 

Soil 1-24 

Sand 24-290 

Light-oolorod  clay 290-340 

Red  sandy  clay 340^500 

At  Becker  siding,  15  miles  southeast  of  Belen,  the  railway  comp 
has  a  0-inch  bored  well,  427  feet  deep,  with  water  standing  364 
below  the  surface.     The  altitude  at  the  well  is  5,140  feet,  or  352 
above  Belen,  making  the  water  level  in  the  well  4  feet  lower  thant 
in  the  valley  at  Belen. 

Record  of  Atchison,  Topeka  ami  Santa  Fe  Railuxty  Company*^  well  at  Becker  niding, 

Mexico. 

Fwt. 

Coniontod  gravel O-lOO 

Rod  clay 100-150 

Rod  clay  and  gravel 1.50-275 

Red  clay 275-290 

Rod  clay  and  gravol 290-300 

Rod  clay  and  gravol,  witli  !K)wIdors 300-340 

Gravol. 340-345 

Rod  clay  and  gravol,  witli  Iw^wldors 34.5-378 

CfravoL* 378-388 

Rod  clay  and  gravol .388-400 

Water  lx?aring  gravel 400-420 

Gravel  and  clay 420-427 

At  Sandia,  a  siding  on  the  main  line  of  tho  Atchison,  Topeka 
Santa  Fe  Railway,  west  of  Isleta,  the  railway  company  bored  a 
inch  well  893  feet  deep  during  the  summer  of  1905.  It  is  in  s 
gravel,  and  clay  throughout,  and  encountered  water  at  a  dept 
445  feet. 
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of  Atehimn,  Topeka  and  SarUa  Fe  RaUway  Company's  well  at  ScTidia,  N.  Mex. 

Feet. 

Unconsolidated  sand 0-340 

Sand ,  with  clay  bands 340-400 

Clay ' 400-440 

Sand 440-480 

Gravel 480-490 

Sand ,  with  clay  bands 490-530 

Sand 530-585 

Clay 585-640 

Sand  and  clay 640-893 

JORNADA   DISTRICT. 
OEOLOOIO   STRUCTURE. 

he  Jornada  district  extends  from  San  Marcial  to  Las  Cruces, 
^een  the  San  Andreas  and  the  Caballos-Fra  Cristobal  mountain 
res.  The  geologic  structure  of  the  Jornada  del  Muerto  has  been 
ribed"  as  a  syncline,  in  which  the  older  or  consolidated  rocks  pass 
emeath  the  unconsoUdated  material  which  covers  the  surface, 
long  the  eastern  base  of  the  Caballos-Fra  Cristobal  range  the 
imed  Cretaceous  sandstones  are  truncated  and  exposed  in  such  a 

as  to  freely  admit  the  water  crossing  them  as  streams  from  the 
ntains,  as  well  as  that  falling  upon  them  as  rain.  These  sand- 
es  are  not  exposed  elsewhere  within  the  Jornada  district,  and  it  is 
rtain  whether  they  occupy  the  entire  trough  of  the  syncline,  as 
id  by  Keyes.'^ 

16  Jornada  del  Muerto,  as  has  been  previously  stated,  is  probably 
rt  of  the  old  Rio  Grande  Valley  that  has  been  filled  with  uncon- 
ated  sands  and  gravels  of  comparatively  recent  origin.  This 
jrial  has  been  penetrated  by  wells  to  a  depth  of  360  feet,  but  its 

depth  has  not  been  determined  and  very  little  is  yet  known  of 
underground  conditions  in  this  region.  The  Cretaceous  sand- 
38  may  extend  without  interruption  beneath  the  detrital  filling, 
f  they  were  originally  present,  may  have  been  largely  eroded 
r  previous  to  the  deposition  of  the  detritus. 

FIX)WIN«     WEIXH. 

the  vicinity  of  Engle  flowing  water  is  obtained  from  three  wells, 
h  penetrate  the  Cretaceous  sandstones.  One  about  10  miles 
iwest  of  Engle,  near  the  base  of  the  Fra  Cristobal  Mountains,  is 
to  be  260  feet  deep.  The  flow  is  not  suflFicient  to  water  a  few 
Ired  cattle  for  which  it  is  used,  and  the  water  is  pumped  to 
ase  the  yield. 

a  Keyes,  C.  R..  Wator-Sup.  arul  Irr.  Taper  No.  123,  U.  S.  Oool.  Survey.  1905. 
fr  Ibid-,  p-  10  (geologic  map). 
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The  other  wells  belong  to  the  Santa  Fe  Railway  Company  and  t 
water  is  pumped  to  Engle  for  railway  use.  The  wells  are  located 
the  canyon  leading  from  Engle  to  the  Rio  Grande.  One  near  ( 
Fort  McRae  was  drilled  to  a  depth  of  about  1,200  feet  in  search 
coal.  No  coal  was  found,  but  water  was  encountered  under  pressi 
sufficient  to  produce  a  considerable  surface  flow  but  not  great  enou 
to  raise  it  to  the  level  of  the  town.  From  this  well  and  a  second  o 
put  down  about  2  miles  farther  east  water  is  pumped  into  a  reser\'' 
on  the  Jornada,  from  which  it  flows  to  Engle  by  gravity. 

NONFLOWINO  WE1X8. 

A  number  of  wells  have  been  bored  in  the  Jornada  del  Muerto,  b 
definite  records  of  only  a  few  of  them  are  obtainable.  Those  near  t 
western  border  of  the  plain,  along  the  railroad,  penetrate  the  Crct 
ceous  sandstones  and  find  water  under  slight  pressure,  but  the  great 
number  have  been  bored  in  depressions  along  the  centosr  of  the  pla 
and  penetrate  only  unconsolidated  sand,  gravel,  and  wash.  T 
reconl  of  Mr.  Linger's  well  may  bo  taken  as  representative  of  t 
material  found  in  the  center  of  the  Jornada. 

lieciml  of  wrll  of  (i.  \V .  Lingtr  cf*  Comjiany,  5  miles  eaM  of  Upham. 

Fwt. 

Redrky 1-10 

Ceiiient 10-19 

Sand  and  silt 19-235 

Bowlders  (maxiinuin  diaiiioUM-,  S  iiichos) 2^^5-240 

Partial  records  obtained  of  a  few  of  the  wells  are  given  in  the  f 
lowing  tal)le: 

'I'ablk  4.  -Record a  ofixtred  wtHs  in  the  Jornada  del  Muerto. 


Location. 


Tot  ill      Depth  to         Power 
•  lopth         water.  iiwil. 


Kemarks. 


J.  I).  Isiiarks. 


Do 

Do 

J.W.Taylor.... 


See*.  :i.j.  T.  !>»  S..  H. 


Sk'.  Z").  T  L>1  S.,  R.  2  K..' 
Sw.  IM.  T.20S..  U.2  K.. 
Sj-c.  17.  T.  19  S.,  K.  2  !•:.. 


I  ! 

I  I 

A.,T.  and  S.  F.  R wy   8  niilos  west  of  Knplo 

I 

Do 2  miles  south  of  I ' phaiii . 

Do 1  mile  west  of  .MMinan. . . 

1/.  HHldwin  A;  Co..      Alamnn , 

Victoria  Land  nnd  I  4  miles  north  of  Kngle..  ' 
Cattle  Co  I 

Do I  10  miles  north  of  Kngle. . 

(J.  W.  Linger  A:  Co.    5     miles    northeast     of  I 
I'pham. 


Mr.  Turner 18  miles  east  of  Rincon . 


Ffft 
2(m 


11.-.  ' 


AH)  ' 
Ait) 
110  ' 


Ffft 


'>:.()     Wind... 


2»»2 

;{4.-) 


Flow. 

140 

)  wnter 

140 


(Ja.soline. 
Wind.... 
do... 


Casoline. 
Steam . . . 


Steam. . . . 


.'iOO  ! 
240 


4M2 
2;i(i 


;«)0(  ?) 


Ciasolinc. 
do... 


Penetrates  35  feet  ? 

23    fwt    sand   i 

gravel 
In  sand  and  gravel 

Penetrates  345  feet 
gular  material,  t 
15  feet  roil  nde<lb< 
ders 

In      sandstone 
shale. 


Water  raised  100 
In  red  sandstone. 

Water  raise<]  327 
Sand  and  gra 
(maximum  6  in 
In  diameter)  at 
tom.  Water  th 
102  feet 
In  sand  and  grave 
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INDICATIONS  OF  ARTESIAN   WATER. 

I  The  occurrence  of  water  under  pressure  in  several  wells  near  Engle 
:  indicates  the  presence  of  artesian  conditions  beneath  a  small  area  of 
the  Jornada,  but  in  areas  lying  beyond  the  immediate  vicinity  of 
Engle  the  presence  or  absence  of  artesian  water  must  be  inferred 
entirely  from  surface  indications.  Since  water  is  found  hi  the  Cre- 
taceous sandstones  near  Engle  it  might  be  expected  in  wells  that 
penetrate  these  sandstones  elsewhere,  provided  the  sandstones  extend 
uninterruptedly  beneath  the  surface  in  this  region.  Their  extent, 
however,  and  their  depth  beneath  the  surface  over  the  greater  part 
of  the  Jornada  are  unknown. 

The  water  m  the  unconsolidated  gravel  beds  may  perhaps  be  con- 
fined beneath  impervious  layers,  since  the  Jornada  del  Muerto  slopes 
southward  at  an  average  rate  of  4}  feet  to  the  mile,  but  nothing  now 
known  proves  either  the  presence  or  absence  of  such  layers.  The 
surface  indications  are  moderately  favorable  to  the  occurrence  of 
artesian  water  in  certain  areas,  particularly  at  the  southern  end  of 
the  Jornada  and  still  farther  south,  in  the  Mosilla  Valley. 

LA   MESA   DISTRICT. 


I  La  Mesa  district  lies  in  the  southern  part  of  the  Rio  Grande 
I  region  west  of  Mesilla  Valley.  Wells  have  been  sunk  in  various  parts 
of  this  district,  both  for  railroad  use  and  for  stock  purposes.  No 
solid  rock  was  encountered  in  any  of  the  wells,  most  of  which 
find  water  in  abundance,  but  at  a  considerable  depth,  as  indicated 
in  Table  5.  The  deepest  well  on  La  Mesa,  945  feet,  .was  bored  by 
the  Southern  Pacific  Railway  Company  at  Lanark.  The  company 
owns  two  other  wells  at  the  same  place,  one  648  feet  and  one  615 
feet  deep,  the  three  yielding  50  gallons  of  water  a  minute.  The 
material  penetrated  is  sand  with  small  waterwom  pebbles,  and  con- 
tains water  below  a  depth  of  380  feet. 

Since  the  altitude  of  Lanark  is  4,156  feet,  the  altitude  of  the  water 
surface  is  3,776  feet,  while  that  at  Bosque  Seco,  in  Mesilla  Valley, 
15  miles  northeast  of  Lanark,  is  3,800  feet — 24  feet  higher  than  at 
Lanark.     At  Noria,  the  altitude  of  which  is  4,114  feet,  the  water 
surface,  358  feet  below  the  surface  of  the  land,  is  3,756  feet  above 
sea  level.     In  the  12  miles  between   Lanark  and  Noria  the  water 
surface  inclines  to  the  south  20  feet,  or  at  an  average  rate  of  1.7 
feet  per  mile.     A  line  drawn  through   Bosque  Seco,  Lanark,   and 
Noria  would  run  somewhat  west  of  the  center  of  the  old  debris- 
filled  valley  of  the  Rio  Grande  for  a  distance  of  27  miles.     Along 
this  line  there  is  a  fall  of  the  water  surface  of  44  feet,  or  an  average 
of  1.7  feet  per  mile.     The  <j:radient   of  the  water  table  in  Mesilla 
Valley  between  Bosque  Soco  (3,800  feet)  and  the  southern  end  of 
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Mesilla  Valley  (3,680  feet),  a  distance  of  about  32  miles,  is  3.7  fe*^ 
per  mile.  It  is  evident  from  these  facts  that  the  surface  of  tH 
underground  water  has  a  regular  gradient  doMoi  the  old  chaniu 
through  La  Mesa,  although  it  is  less  than  the  gradient  of  the  river, 
line  of  wells  a  few  miles  farther  east  in  the  center  of  the  old  vall« 
would  probably  show  a  steeper  gradient  of  the  water  plane. 

The  facts  upon  which  the  determination  of  gradient  rests  are  nc 
sufficiently  numerous  to  make  it  conclusive.  The  depths  to  wate 
determined  and  the  indications  that  La  Mesa  is  a  part  of  the 
ancient  dfibris-filled  valley  naturally  leads  to  the  inference  that  the 
course  of  the  underflow  should  h©  southward  through  the  detritus  of 
La  Mesa.  It  is  possible,  on  the  one  hand,  that  additional  data 
will  show  a  gradient  steeper  than  1.7  feet  per  mile.  On  the  other 
hand,  it  is  possible  that  the  original  course  of  the  underflow  down 
the  old  channel  has  been  reversed  by  reason  of  the  down  cutting  of 
the  river  in  Mesilla  Valley  and  the  accumulation  of  surface  water  in 
the  gravels  of  La  Mesa.  The  latter  possibility  is  strengthened  by  the 
facts  that  La  Mesa  is  nearly  level  and  the  material  so  porous  that 
rain  enters  it  without  producing  even  temporary  streams. 


Table  5. — Records  of  bored  wells  in  La  Mesa  ditiricl. 


Owner. 

Location. 

S«r.30,  T.2.-)8..  U.2  W-. 

^v.  7.  T.  24  8.,  R.  1  W... 

T.  24 

.')  miles  west  of  Picacho 

Mountain. 
2    miles    northwest    of 

Nona. 

T.  27S..  R.  1  \V 

6    miles    northwest    of 

Lanark. 
I^nark  

5  miles    northeast    of 
Lanark. 

10  miles  west  of  I^nark. 

6  miles  west  of  Lanark . . 
Potrillo 

Total 
depth. 

Feet. 
240 

430 
515 
218 

43.''. 

a47S 

045 

6  460 
240 
4.1S 

Depth  to- 
watcr. 

Feet. 
221 

386 

Power 
uaed. 

Gasoline.. 
do.... 

Material  encounter^ 

Henry  Brock 

Do         .      ... 

Sand  and  waterwor 
gravels. 
Do. 

Do 

Clay. 

Sand  and  gravel. 
Do 

Mr.  Hawkins 

Robert  Horrlngton. 
J.  F.  Kilbiirn  . 

170 
350 
408 

Gasoline.. 
do.... 

Do 

370 



Gasohne.. 

Sand  and  waterwor 

8.  P  Uwy.Co 

l^wls  Bros 

J.  B.  Stahling 

Do 

340 
440 

Steam 

Gasoline.. 

gravel. 
Do. 
Sand  and  gravel. 

311 

GnaniinA.. 

El  Paso  and  8.  W. 

220  1 do 

3.')S  '         -do 

Sand  and  clay. 
Sand  and  gravel. 

Rwy. 
Do 

Noria 

a  170  feet  In  bottom  of  crater. 


ft  200  fei't  in  bottom  of  crater. 


MESILLA    DLSTRICT. 

LOC^ATION    AND   CIIAllArTER. 


The  Mesilla  district  is  confined  to  Mesilla  Valley,  the  southernmo 
of  the  erosion  basins  of  the  Rio  Grande  reunion.  During  floods  tl 
river  submerges  a  large  part  of  the  valley  floor,  a  level  flood  pla 
formed  by  the  deposition  of  silt  and  fine  sand.  -^Vs  previously  staU 
(p.  24),  Mesilla  Valley  was  once  deeper  than  it  is  now,  and  has  be< 
recently  filled  to  some  extent  by  flood-plain  deposits.     The  geolog 
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:o^^t\ations  and  their  relation  to  one  another  are  indicated  in  the  sec- 

\aov\s  on  PL  III.     The  rock  basin  was  partly  filled  with  d6bris,  in 

-WVuch  a  secondary  valley  was  eroded  and  later  partly  filled  wdth  sand 

B^dsilt. 

WATER  TABLE. 

Underground  water  is  found  throughout  Mesilla  Valley  at  practi- 
cally the  river  level.  The  depth  to  water  was  measured  in  the  wells  in 
the  valley,  and  the  results  were  plotted  on  the  contour  maps  prepared 
by  the  United  States  Reclamation  Service,  and  from  these  the  map 
forming  PI.  X  has  been  prepared,  which  shows  by  contours  the  depth 
to  water. 

The  water  table  changes  position  to  some  extent,  according  to 
changes  in  the  volume  of  water  in  the  river.  Professor  Slichter**  has 
shown  that  the  ground  water  of  the  valley  is  derived  largely  from  the 
river  and  that  the  gradient  of  the  water  plane  in  a  direction  parallel 
to  the  river  is  practically  constant  at  4.64  feet  per  mile  where  meas- 
ured near  Mesilla  Park,  while  the  gradient  away  from  the  river  varies 
from  0.4  foot  per  mile  diu*ing  low  water  to  2.3  feet  in  times  of  flood. 
A  rise  of  the  water  table  of  5  feet  is  reportejj  near  the  river  during  the 
six  months  for  which  records  were  kept. 

WELUB  OP   MESILLA    VALLEY. 

General  statements, — A  number  of  wells  have  been  bored  in  Mesilla 
Valley  for  pumping  water  in  large  quantities,  mainly  for  irrigation. 
Twelve  of  these  have  been  carefully  tested  by  Professor  Slichter^ 
^ith  a  view  to  ascertaining  their  capacity,  the  cost  of  pumping,  etc. 
Some  of  his  results  are  included  in  Table  6  (p.  47) .  It  should  be  noted, 
ID  comparing  the  figures  of  the  column  showing  depth  to  water 
with  the  map  (PI.  X),  in  which  depth  to  water  is  indicated  by  con- 
tours, that  these  wells  are  usually  placed  on  ground  high  enough 
to  allow  the  water  to  flow  over  the  land  to  be  irrigated.  The  depth 
to  water  is  therefore  somewhat  greater  than  the  average  depth  indi- 
cated on  the  map. 

WeUs  at  Agricultural  College. — Several  wells  have  been  bored  for  the 
-Agricultural  College  at  Mesilla  Park. 

A  bored  well  at  the  college  building  is  75  feet  deep  and  4  inches  in 
diameter.  Water  was  encountered  at  a  depth  of  43  feet  in  1896,  but 
in  1903  it  was  found  to  have  lowered  to  53  feet. 

Another  4-inch  well  at  the  college  machine  shop  is  120  feet  deep. 
Saline  water  was  found  at  this  depth  and  the  pipe  was  drawn  back  to 
75  feet,  where  better  water  was  found. 

An  irrigation  plant  was  established  in  1002  at  the  experiment  sta- 
tion of  the  Agricultural  College,  consistiii<j:  of  one  12-inch  and  one 

aSllchter.C.S..  Observations  on  the  ground  waters  of  Kio(Jran<le  Valley.    Water-Sup.  and  Irr.  Paper 
So.  HI,  r  S.  Oeoi.  Survey,  1905,  pp.  22-29. 
b  SUchter.  C.  8..  ibid.,  p.  34. 


42      WATER  RESOURCES  OF  RIO  GRANDE  VALLEY,  N.  MEX. 

'6-inch  well,  each  48  feet  deep.  This  plant  has  been  described  by 
members  of  the  college  faculty"  in  a  bulletin  of  the  experiment  sta- 
tion. The  wells  penetrate  gravel  beds,  from  which  water  is  readily 
obtained,  the  yield  being  about  1,000  gallons  a  minute. 

Record  of  experiment  station  well. 

Feet. 

Soil 0-  5 

Sund .>-:« 

Sand  and  pravol 32-47 

Sand 17-48 

During  the  summer  of  1905  a  pumping  plant  was  installed  on  the 
horticultural  farm  near  Mesilla  Park  station.  A  12-inch  well  was 
bored  62  feet  deep  and  an  18-foot  strainer  was  placed  at  the  bottom. 
A  pit  8  feet  scjuare  was  dug  to  water  level,  19  feet  below  the  surface. 
It  contains  a  centrifugal  pump  with  gasoline  engine,  which  discharges 
1,000  gallons  of  water  per  minute. 

^yells  of  F.  C.  Barker. — Mr.  Barker  has  three  pumping  plants. 
One,  at  Las  Crucos,  pumps  from  a  6-inch  well  53  feet  deep,  which  is 
capable  of  supplying  about  150  gallons  of  water  per  minute.  The 
well  ponetratos  a  gravel  bed  35  feet  thick,  which  supplies  the  water,    i 

lieconl  of  F.  C.  Barlcer^s  veil  at  Las  Cruets 

Feet. 

Soil 0-3 

Sand 3-18 

(iravel  and  bowlders 18-53 

Mr.  Barker's  second  pumping  plant  is  situated  about  1  mile  south 
of  Las  (Yuces  and  consists  of  a  6-inch  well  48  feet  deep,  supplied  with 
pump   and   gasoline   engine   which   raise    131   gallons  of  water  per    \ 

minulc. 

/itroid  of  I'\  (\  lidihrK  y-f/l,  /  mi/e  south  o/TjOS  Cmces. 

Feet. 

Soil 0-8 

Sand 8-16 

Sand  and  frravol 16-30 

C()ars<?  j^ravel 30-48 

A  third  plant  is  reported  to  have  been  (established  during  the  sum- 
mer of  1005  near  the  second.  An  8-inch  well  was  bored  to  a  depth  of 
85  feet  and  supplied  with  centrifugal  pump  and  gasoline  engine,  which 
raise  a  volume  of  water  estimated  at  800  gallons  per  minute. 

liecord  ofF.  ('.  Barhr's  S-'mch  »/v//. 

Feet. 

Soil 0-17 

Quicksand . . .' 17-36 

Sand  and  gravel 36-58 

Gravel  and  bowlders /!8-75 

Caliche 75-79 

Sand  and  gravel 79-85 


a  Vernon,  John  J.,  and  Lester,  Francis  E.,  Bull.  No.  4">,  New  Mexico  College  Agric.  and  Mechanic 
Arts,  Mesilla  Parle,  N.  Mox.,  1903. 


i. 
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Well  of  Mrs,  E,  M,  Boyer, — Mrs.  Boyer's  well  is  located  on  her 
ranch,  about  one-fourth  mile  north  of  the  railroad  station  at  Las 
Cruce^.  It  is  a  6-inch  bored  well,  52  feet  deep,  with  a  12-foot  strainer. 
Water  is  raised  by  a  centrifugal  pump  and  12-horsepower  gasoline 
engine  at  the  rate  of  658  gallons  per  minute. 

Record  of  Mrs.  E.  M.  Boyer'n  v^U. 

Fret. 

Soil 0-2 

Sand 2-22 

Sand  and  gravel 'J2-52 

WfU  of  Frank  Burke, — Mr.  Burke's  well  is  located  one-half  mile 
south  of  Mesilla  Park.  It  is  a  12-inch  well,  60  feet  deep,  with  a  12-foot 
strainer.  Water  is  raised  by  a  centrifugal  pump  and  21-horsepower 
gasoline  engine  at  the  rate  of  755  gallons  per  minute. 

Record  of  Frank  Bnrke^s  well. 

Feet. 

Soil 0-  8 

Sand 8-22 

Sand  and  gravel '. 22-60 

WeU  of  J.  C,  Carrera, — Mr.  Carrera's  well  is  located  about  1  mile 
south  of  Las  Cruces.  It  is  a  6-inch  well,  58  feet  deep,  with  a  15-foot 
strainer.  Water  is  raised  by  a  centrifugal  pump  and  8-horsepower 
gasoline  engine  at  the  rate  of  648  gallons  per  minute. 

WeU  of  Robert  Elwood, — Mr.  Elwood,  of  Las  Cruces,  constructed  a 
pumping  plant  for  irrigation  during  the  summer  of  1905,  in  which  two 
S-inch  wells  40  feet  apart  are  connected  with  a  5-inch  centrifugal  pump 
and  12-horsepower  gasoline  engine.  The  first  well  was  bored  100 
feet  deep,  but  the  casing  was  later  withdrawn  to  the  64-foot  level, 
where  the  most  productive  gravel  bed  occurs.  The  second  well  is  64 
feet  deep,  and  both  are  supplied  with  24-foot  strainers.  The  yield  is 
estimated  at  800  gallons  of  water  per  minute. 

Record  of  Robert  Elmood's  vrll. 

Feet. 

Sand  and  gravel 0-  32 

Clay 32-  35 

Sand  and  gravel 3o-  50 

(Vmented  sand 50-  52 

Coarse  sand  and  gravel 52-100 

Well  of  W.  N.  Ilager. — Mr.  Hager's  well  is  located  one-half  mile 
west  of  Mesilla  Park.  It  is  a  10-inch  well,  63  feet  deep,  with  a  12-foot 
strainer.  W^ater  is  raised  by  a  centrifugal  pump  and  12-horsepower 
gasoline  engine  at  the  rate  of  325  gallons  per  minute. 

WeU  of  A,  L,  nines, — Mr  Hines's  well  is  located  1  mile  northeast 
of  Mesilla.     It  is  a  6-inch  well,  59  feet  deep,  w^th  an  8-foot  strainer. 
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Water  is  raised  by  a  centrifugal  pump  and  8-horsepower  gAsoli 
engin<»  at  the  rate  of  271  gallons  per  ininute. 

Record  of  A.  L.  nines*8  wtU. 

Feet. 

Soil 0-8 

Sand 8-19 

Quicksand 19-17 

Sand  and  gravel 47-59 

WeJls  oflloraco  Ranch  Company. — The  Horaco  Ranch  Company  ha 
three  wells  separated  by  a  few  hundred  feet  and  located  west  of  Berinc 

No.  1  is  an  S-inch  well,  75  feet  deep,  with  an  18-foot  strainer.  Wate 
is  raised  by  a  centrifugal  pump  and  12-horsepower  gasoline  engines 
the  rate  of  837  gallons  per  minute. 

No.  2  is  a  10-inch  well,  53  feet  deep,  with  an  18-foot  strainer.  Wate 
is  raised  by  a  centrifugal  pump  and  r2-horsepower  gasoline  engines 
the  rate  of  191  gallons  per  minute. 

No.  3  is  a  10-mch  well,  62  feet  deep,  with  an  18-foot  strainer.  Wate 
is  raised  by  a  centrifugal  pump  and  12-horsepower  gasoline  engines 
the  rate  of  750  gallons  per  minute. 

Las  Cruces  city  well, — During  the  summer  of  1905  a  pumping  plan 
was  constructed  to  furnish  the  city  of  Las  Cruces  with  water.  *' 
6-inch  well  was  bored  to  a  depth  of  63  feet  and  an  18-foot  straine 
placed  at  the  bottom  of  the  pipe  in  a  bed  of  gravel,  occurring  belov 
the  depth  of  46  feet.  A  pit  8  feet  square  and  20  feet  deep  contains  ar 
Advance  steam  pump,  which  is  placed  2  feet  above  normal  wate: 
level.  The  water  is  drawn  by  suction  from  the  capped  casing  at  J 
rate  of  300  gallons  per  minute. 

The  water  drawn  from  a  depth  lower  than  46  feet  is  apparent]] 
much  better  for  donu^stic  use  than  that  obtained  from  the  surfac 
wells  of  Las  Cruces.  An  analysis  of  the  water  made  by  Geo.  W.  Ijor( 
Company,  of  Philadelphia,  Pa.,  is  as  follows: 

Arudijais  ofuxiter.fwm  Tjia  Cruces  city  ?/.W7. 

Parts  ptT  million.  Parts  per  mllllc 

Total  solids 908  \  Chlorine  (CI) I 

Calcium  (Ca) 156  \  Silica  (SiO,) 

Magnesium  (Mg) 19     Carlwnalo  radicle  (CX)s) 1: 

Sodium  (Na) 150     Organic  and  volatile Tnn 

Sulfat<^  radicle  (SO). ^38 

WeU  of  Theodore  Roualt — Mr.  Roualt's  well  is  located  on  his  ram 
near  the  river,  3  mile^j  northwest  of  Las  Cruces.  It  is  a  10-inch  we 
48  feet  deep,  with  a  10-foot  strainer.  Water  is  raised  by  a  centrifug 
pump  and  IS-horsepower  steam  engine  at  the  rate  of  351  gallons  p 
minute. 
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Well  of  Shalam  Colony, — Several  years  ago  an  elaborate  pumping 
Ittat  was  constructed  for  irrigation  purposes  at  Shalam  Colony,  west 
i  Dona  Ana.  A  circular  pit  18  feet  in  diameter  was  sunk  to  a  depth 
rf  30  feet  and  its  sides  and  bottom  were  cemented.  In  the  bottom  of 
this  pit  five  wells  were  bored,  three  of  which  are  6  inches  in  diameter 
and  90  feet  deep  (60  feet  below  the  bottom  of  the  pit),  one  is  12 
mches  in  diameter  and  90  feet  deep,  and  one  6  inches  in  diameter  and 
197  feet  deep.  At  a  depth  of  90  feet  there  is  a  3-foot  gravel  stratum, 
which  apparently  yields  the  greater  part  of  the  water.  The  sand 
beneath  this  stratum  entered  the  pipe  so  freely  that  it  was  impracti- 
cable to  draw  water  from  horizons  lower  than  90  feet. 

A  storage  reservoir,  covering  an  area  of  1  acre  and  5  feet  de^p, 
was  constructed,  and  into  this  a  60-horsepower  steaiu  engine  pumps 
water  at  the  rate  of  1,500  gallons  per  minute. 

The  ground  water  at  this  place  is  9  feet  beneath  the  surface,  making 
anomial  depth  of  21  feet  of  water  in  the  pit.  The  pump  lowers  the 
water  surface  18  feet  to  a  level  at  which  it  remains  stationary,  the 
flow  from  the  wells  equaling  the  discharge  of  the  pump. 

Wdl  of  J.  R.  Thompson.-^Mr.  Thompson's  well  is  situated  at  the 
eastern  edge  of  the  valley,  about  2  miles  south  of  Earlham.  It  is  a 
6-inch  bored  well,  138  feet  deep,  and  obtains  water  from  the  coarse 
sand  at  the  bottom  of  the  well.  An  accurate  driller's  record  was 
obtained  as  follows : 

Record  of  J.  R.  TTiompson^ft  well. 

Feet. 

Sand  and  8ilt 0-  80 

Clay 80-100 

Sand 100-118 

Clay 118-128 

Coarse  sand 1 28- 1 38 

WaZ  of  G.  n,  ToUen.—Mr.  Totten's  well  is  located  1  mile  west  of 
Mesilla.  It  is  a  10-inch  well,  62  feet  deep,  with  24  feet  of  strainer. 
Water  is  raised  by  a  centrifugal  pump  and  28-horsepower  gasoline 
engine  at  the  rate  of  464  gallons  per  minute.  When  tested  the  well 
contained  only  12  feet  of  strainer,  which  had  been  placed  in  the  upper 
sand  layer.  Later  the  well  was  lowered  and  a  second  12-foot  strainer 
was  added,  greatly  increasing  the  flow. 

Record  of  G.  H.  Totten's  well 

Foot. 

Soil 0-17 

Sand 17-51 

aay 51-53 

Sand  and  gravel ,^^-(V2 

Samples  of  the  waters  were  taken  from  both  sand  layers  of  this  woll 
o  ascertain  if  they  varied  in  quality.     The  analyses,  made  by  Prof. 
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R.  F.  Hare,  of  the  Now  Mexico  agricultural  experiment  station, 
indicate  that  the  waters  vary  in  the  amounts,  but  not  in  tho  kinds  of 
salts  they  contain,  that  from  the  upper  sand  containing  1,566  part^ 
and  that  from  tho  lower  sand  1,123  parts  of  total  solids  per  million 
parts  of  water. 

Table  Hh(m>ing  well  records  in  Mesilla  Valley. — ^The  following  tabic 
comprizes  data  concerning  wells  in  Mesilla  Valley.  Descriptions  oi 
pumping  tests  for  the  first  twelve  wells  of  the  table  may  be  found  in 
Prof.  Charles  S.  Siich tor's  paper  on  ground  waters  of  Rio  Grande 
Valley :« 

a  Water  Sup.  aud  Irr.  Paper  No.  141,  U.  S.  Ueol.  Survey,  1906,  pp.  51-73. 
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WATER   RESOUKCES   OF   RIO   GRANDE   VALLEY,  N.   MEX. 


UNDERFLOW  OF  THE  RIO  GRANDE  REGION. 
WATER   PLANE. 

In  Mesilla  Valley  the  surface  of  the  ground  water  is  practically  al 
the  river  level,  as  has  l)een  previously  stated.  The  water  plane  in  the 
valleys  farther  north  can  not  be  accurately  represented  for  lack  of 
detailed  topographic  maps,  but  the  depths  to  water  in  wells  situated 
in  the  bottom  lands  throughout  the  Rio  Grande  region  indicate  that 
the  surface  of  the  ground  wat<*r  is  always  at  or  very  near  the  river  level. 
The  wati^r  plane  determined  for  Mesilla  Valley  and  mapped  in  PI.  X 
is  i)rohably  typical,  and  the  map  doubtless  expresses  with  sufficient 
accuracy  the  relation  of  the  water  table  to  the  river  and  to  the  land 
surface  for  the  entire  region. 

QUANTITY   OF   UNDERFLOW. 

The  investigatioil  of  the  (juantity  and  rate  of  underflow  in  Mesilla 
Valley,  carried  on  in  1904  by  Professor  vSlichter,**  shows  (pp.  11-13)  that 
there  is  practically  no  underflow  through  the  canyon  near  El  Paso, 
but  (pp.  25-29)  that  near  Mesilla  Park,  where  a  series  of  experiments 
were  made,  water  enters  the  underflow  both  from  the  river  and  from 
the  drainage  of  the  mesas.     His  conclusions  are  tabulated  as  follows: 

Tablk  7.-   Amount  ofvntt  r  contributed  to  the  underflow  of  the  Rio  Grande  mar  MesilJa  Pof^f 
X.  Mej-.,  hetvnen  September  :^0  am!  October  ^.^i,  190^. 


Dates 


Sopli'inliiT  2<i  to  OctolxT  1  . . 

(U'tol.or  1  t<>'.»" 

0«'tol).T<i  Xo  \\\ 

Octol.or  l»i  U>1\\ 


Nuii'i- 
iHT  of 
<l«vs. 


Amount  of  jrroiiiwl  wtitorron- 
tributtMi  by  ojich  milo  of  the 
rivor. 


'  per  min- 
ute. 


117.1.NM) 


1.2H 
7.4() 
2.  S7 


I 


745  I 


Amount  of  ground  water  c<^n- 
tributed  !)>'  rainfftll  ^V^ 
mesa  east  of  the  valloy  I*' 
mile  of  river  valley. 


tJ^94     '  'ect  per  '  permiD' 


J 


40.SOO  '  0.47    I 

152,000  1  l.7rt 

a>,900  I  .3r»    I 

."i.gSO  I  -.069 


2U 
794 


Averap'  jHTday. 


:u    ''S.<»(K).(NK)    ' 'fcl,.'il7.000 

270. (HH)  :i.<).{  l.:tiU)  I  45.800, 


.515 


'iJ3 


'I  Ileftvy  floocl  on  ()(tol>er  5,  10()4.  , 

hTotnl  amount  ('ontribute<l  for  each  mile  of  the  valley  in  thirty-thre<' days.     By  converting  cul»' 

feet  into  Hero-fcM't  it  is  founcl  that  the  river  lost  2<)4acre-f(M't  of  water  to  theprravdsof  the  underflow  ' 

thirty-three  days,  and  that  34.S  aore-fwt  were  «'ontril)iite  1  l»v  the  rainfall  in  the  same  period.    The* 

amounts  an^  for  each  mile,  of  the  valley. 

If  the  amounts  shown  by  these  figures  are  applied  to  Mesilla  Vallei 
as  a  whole  the  result  is  large.  The  valley  is  about  50  miles  long,  an( 
if  the  seepage  amounts  to  204  acre-feet  of  water  per  mile  a  total  o 
10,200  acre-feet  of  water  wjis  contribiiteil  to  the  underflow  of  the  val 
l'\v  by  the  river  during  the  thirty-throe^  days  included  in  the  table 


'  Sliohter.  Charles  S.  Observations  on  the  ground  waters  of  Rio  iJrande  Valley:  Water-Sup.  an 
Irr.  Paper  No.  141.  U.  S.  Oeol.  Survey,  1905. 
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)uring  the  same  time  a  total  of  1,741  acre-feet  was  contributed  by  the* 
ainfall,  making  a  grand  total  for  the  valley  of  11,941  acre-feet  in  the 
hirty-three  days,  or  about  362  acre-feet  a  day. 

No  measurements  are  available  for  the  valleys  farther  north,  but 
judging  from  the  uniformity  of  conditions  throughout  the  region  a  like 
amount  probably  enters  the  ground  in  the  other  valleys. 


^ORIGIN   OF   UNDERFLOW. 

The  waters  of  the  underflow  are  derived  mainly  from  the  Rio 
Grande.  The  rainfall  is  comparatively  unimportant  as  a  source  of 
supply,  since  the  rains  are  usually  violent  and  of  short  duration,  and 
although  the  material  upon  which  the  rain  falls  is  very  porous  the 
greater  part  of  the  water  enters  the  river.  According  to  Slichter's 
table  just  quoted,  the  local  rainfall  contributes  about  one-seventh  of 
the  underflow.  The  tributary  streams  evidently  contribute  some 
water,  but  since  they  are  small  and  intermittent  the  amount  is  prob- 
ably negligible,  leaving  the  Rio  Grande  as  the  main  source  of  supply. 
Measurements  of  the  flow  of  the  Rio  Grande  demonstrate  the  fact  that 
the  river  is  continually  losing  water,  the  greater  volume  of  flow  being 
measured  at  the  upstream  rather  than  the  downstream  gaging  sta- 
tions. This  is  made  clear  by  an  inspection  of  the  tables  of  discharge 
previously  quoted  (pp.  31-33).  For  purposes  of  convenient  compari- 
son the  following  table  of  totals  is  given : 

Table  8. — Discharge  of  the  Rio  Orande  in  acre-feet. 


Total  for  9  years— 18»7-1905 

Total  for  G  years  recorded  at  Cenlcero . 


El  Paso. 


6,205,066 
4,101,906 


San  Mur- 
clal. 


9,168,966 
5,749,197 


Ildefonzo. 


10,097,307 
6,431,512 


Cenlcero. 


2,960,123 


From  this  table  it  appears  that  during  the  nine  years  recorded  a 
loss  of  32  per  cent  of  the  flow  at  San  Marcial  occurred  between  San 
ilarcial  and  El  Paso,  a  distance  of  about  140  miles,  and  that  within  the 
same  period  a  loss  of  38  per  cent  of  the  Ildefonso  flow,  over  and  above 
the  total  amount  entering  the  Rio  Grande  from  tributary  streams 
during  those  years,  occurred  in  a  distance  of  about  280  miles.  This  loss 
is  due  to  evaporation,  diversion  for  irrigation,  and  absorption  into  the 
gravels.  It  is  probable  that  could  the  discharge  of  the  tributary 
streams  be  included  the  loss  would  be  about  double  that  shown  by  the 
river  alone.  To  illustrate:  During  the  nine  years  recorded  the  river 
lost  3,892,241  acre-feet  in  the  280  miles  between  Ildefonso  and  El 
Paso,  in  addition  to  the  total  dischartro  of  such  important  tributaries 
as  Galisteo  Creek,  Rio  Jemes,  Rio  Puerco,  Arroyo  Sahulo,  and  scores 
of  smaller  tributaries.  It  is  evident  that  the  actual  loss  is  much 
greater  than  that  indicated  by  measurements  of  river  discharge  alone. 
IRR  l8S-^7 i 
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All  elFort  has  been  made  to  determine  what  percentage  of  the 
known  loss  is  duo  to  irrigation  and  what  to  seepage  and  evaporation. 
The  discussion  may  be  found  hi  the  Proceedings  of  the  International 
(Water)  Boundary  Commission,  United  States  and  Mexico,  vol.  2,  pp. 
405-424.  The  results  indicate  that  there  is  a  notable  loss  of  watei 
over  and  above  that  diverted  for  irrigation.  An  average  of  three 
comparisons  (p.  417)  shows  that  13  per  cent  of  the  San  Marcial  flow 
was  lost  by  seepage  and  evaporation  above  El  Paso. 

COURSE    OF    UNDERFLOW. 

All  known  facta  point  to  the  conclusion  that  a  large  amount  of 
water  is  continually  passing  from  the  river  into  the  underflow,  and 
must  either  return  to  the  surface  and  evaporate  or  find  some  unde^     ^ 
ground  passage  by  which  to  escape.     Professor  Shchter's**  investiga- 
tion proves  that  the  escape  is  not  through  the  canyon  at  El  Paso. 

The  d6bris-filled  valley  west  of  El  Paso  and  the  apparently  regular 
gradient  of  its  water  plane  suggest  that  the  course  of  the  underflow 
may  be  down  this  old  valley  to  the  basin  region  of  northern  Mexico. 
On  the  other  hand,  the  meager  data  available  seem  to  show  that  this 
gradient  is  lower  than  that  for  Mesilla  Valley,  and  that  the  flow 
should  be  toward  the  river  rather  than  away  from  it,  as  would  be  the 
ca.se  if  the  course  of  thQ  underflow  was  down  the  old  valley.  The 
(lata  available  at  the  present  time  are  not  adequate  to  solve  this 
problem. 

A  more  probable  means  of  escape  is  by  evaporation.     Accepting 
Slichter's  measurements  of  3G2  acre-feet  a  day,  contributed  in  Mesillft 
Valley,  about  132,000  acre-feet  of  water  would  enter  the  gravels  in  a 
year.     The  eva|)oration  of  approximately  7  feet  a  year  would  remove 
from  the  l."')0,()00  acres  of  Mesilla  Valley  about  1,050,000  acre-feet  i* 
the  water  were  freely  exi)osed,  or  about  S  times  the  amount  of  watct    \ 
entering  the  underflow.     Over  a  considerable  part  of  the  valley  tb^    ' 
water  i)lane  is  near  enough  to  the  surface*  for  considerable  loss  by 
capillary  action. 

CHEMICAL  CHARACTER  OF  RIO  GRANDE  V\^ATERS. 

MESIIJ^V  DISTRICT. 

A  large  immber  of  chemical  analyses  of  waters  of  Mesilla  Valley 
have  been  pul)lished  by  Goss.^  Others  have  been  collected  from 
^^arious  sources  and  preserved  in  the  records  of  the  United  States 
Geological  Survey.  It  appears  from  these  analyses  that  the  total 
soUds  are  not  liigh  as  compared  with  those  found  in  waters  used  else- 
where for  irrigation,  and  that  the  salts  are  not  those  most  deleterious 


o  SUchlw.  C.  S.,  ibid.,  pp.  9-13. 

b  Cio.ss.  Arthur,  Principles  of  water  analysis:    Bull.  No.  34,  New  Mexico  College  of  Agric.  und 
Mech.  .Vrts,  1900. 
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crops.  "Black  alkali''  (NajCOg)  is  wholly  absent  from  both  river 
1  ground  waters.  "White  alkali''  is  abundant  and  accumulates  as 
;ru8tations  of  salts  due  to  the  evaporation  of  water  brought  to  the 
rface  by  capillary  action. 

The  well  waters  are  not  very  satisfactory  for  domestic  uses.  The 
lantitie^  of  magnesiiun,  sodium,  and  sulfuric  acid,  probably 
•esent  in  the  form  of  Glauber's  salt  (sodium  sulfate  =  Na2S04)  and 
psom^salt  (magnesium  sulfate  =  MgS04),  indicate  that  the  waters  of 
le  valley  in  general  are  not  very  good  for  drinking  purposes.  The 
ver  water  contains  the  same  substances  that  are  found  in  the  wells, 
it  in  smaller  amounts. 

Waters  obtained  from  the  mesa  gravels  at  El  Paso,  Deming,  and 
sewhere  are  much  better  for  domestic  use  than  those  derived  from 
ravels  that  are  obviously  supplied  from  the  river.  This  is  probably 
•ue  of  the  Mesilla  region,  though  not  enough  data  are  at  hand  con- 
jming  the  mesa  waters  to  permit  positive  statements.  Two  analyses 
ave  been  made  of  samples  of  water  taken  west  of  Mesilla  Valley. 
>ne,  from  J.  F.  Kilb urn's  well,  contained  1,315  parts  per  million  of 
issolved  solids,  and  is  more  saUne  than  many  in  the  valley;  the 
ther,  from  the  railway  well  at  Lanark,  contained  585  parts  per 
lillion  of  total  solids,  and  is  bettor  than  that  from  many  of  the  valley 
ells. 

OTHER  DISTRICTS. 

Little  can  be  said  of  the  chemical  character  of  water  from  the  Rio 
rande  region  north  of  Mesilla  Valley,  few  complete  analyses  being 
mailable.  Those  that  could  be  obtained  are  included  in  Table  10. 
hese  analyses  have  been  xjollected  from  various  sources  and  are 
»arly  all  to  be  found  in  the  records  of  the  United  States  Geological 
orvey. 

In  the  lowlands  throughout  the  Rio  Grande  region  the  salts  con- 
lined  in  the  waters  accumulate  as  white  incrustations  over  the  soil, 
ti  Albuquerque  Valley  these  accumulations  are  particularly  abundant 
nd  in  many  places  prevent  the  growth  of  vegetation.  This  condition 
3  probably  caused  by  crude  methods  of  irrigation.  The  land  thus 
effected  has  been  for  many  years  in  the  possession  of  Mexican  ranch- 
fnen,  who  seldom  take  proper  care  of  the  land. 
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APPLICATIONS. 
UTILIZATION    OP    UNDERFLOW. 

Sh^Uow  weUs, — The  flood-plain  material  of  the  lowlands  along  the 

river,  although  saturated,  does  not,  in  general,  allow  the  water  to  pass 

tliroiigh  it  ffeely  enough  for  the  successful  use  of  shallow  irrigation 

wells.     In  certain  places,  however,  as  at  Belen,  where  the  railway  well 

is  dug  in  coarse  sand,  large  volumes  of  water  are  readily  obtained  from 

this  material. 

Deep  weUs. — Beneath  the  fine  silt  of  the  flood  plains  there  is  coarser 
I  material,  from  which  large  quantities  of  water  are  obtained,  as  in  the 
various  irrigation  wells  in  Mesilla  Valley  and  the  city  wells  at  Albu- 
querque. A  considerable  amount  of  fine  sand  and  silt  occurs  in  the 
gravel  beds  as  well  as  in  the  flood-plain  deposits  and  prevents  the 
rapid  movement  of  water  through  them,  causing  the  high  lift  and  to  a 
large  extent  the  great  cost  shown  in  Table  6.  In  spite  of  its  great 
cost,  however,  the  pumping  of  water  for  irrigation  has  proved  profit- 
able in  El  Paso  and  Mesilla  valleys.  In  the  valleys  farther  north  the 
gravels  are  apparently  coarser  and  water  could  probably  be  pumped 
at  less  cost  than  in  Mesilla  Valley.  In  Mesilla  Valley  the  quantity  of 
water  recovered  might  be  greatly  increased  by  additional  weUs,  and 
pumping  plants  might  be  established  with  profit  in  Palomas,  Socorro, 
Belen,  and  Albuquerque  valleys.  Although  the  data  at  hand  show  that 
in  this  region,  as  compared  with  other  valleys  of  the  Southwest,  the 
underflow  is  small  and  the  water  not  readily  obtainable  on  account  of 
the  fineness  of  the  material,  in  which  it  is  contained,  enough  water  may 
be  pumped  from  the  sands  and  gravels  to  warrant  development. 

Seepage  ditches. — The  construction  of  seepage  ditches  as  a  means  of 
obtaining  the  waters  of  the  underflow  has  been  proposed  for  the  Rio 
Grande  Valley,  but  no  such  ditches  have  been  dug,  and  the  large  pro- 
portion of  fine  sand  and  silt  is  apparently  unfavorable  to  this  method 
of  procuring  the  water. 

WATER  STORAGE. 

The  alternation  of  broad  basins  and  narrow  canyons  along  the 
course  of  the  river  is  apparently  favorable  to  the  establishment  of 
storage  reservoirs,  but  at  only  two  points  are  the  rock  formations 
suitable  for  the  construction  of  masonry^  dams.  These  are  in  El  Paso 
canyon,  the  dam  site  of  the  proposed  International  reservoir,  and  at 
Elephant  Butte,  the  dam  site  of  the  proposed  Engle  reservoir. 

From  a  geologic  standpoint  the  Engle  reservoir  is  much  more  favor- 
able for  water  storage  than  the  International  reservoir.  The  most 
important  geologic  considerations  favoring  the  location  of  a  storage 
reservoir  in  Engle  Valley  are  (1)  a  narrow  canyon  with  hard  rock 
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THE  PREVENTION  OF  STREAM  POLLUTION  BY 
STRAWBOARD  WASTE." 


By  Karlk  Bernard  Phelps. 


INTRODUCTION. 

The  disposal  of  the  waste  luiuors  resulting  from  the  manufacture  of 
stniwboard  forms  one  of  the  most  impoilant  problems  connected  with 
the  prevention  of  stream  pollution.  In  1900  the  total  production  of 
strawboard  in  the  United  States  was  157,534  tons  at  59  factories. 
For  each  ton  of  strawboard  manufactured  there  were  discharged  into 
the  streams  nhout  65,000  gallons  of  wastes  li<iuor  that  contained  1,173 
jx>iinds  of  straw  and  mineral  matter  and  490  pounds  of  lime.  The  total 
wa-^te  discharged  into  the  streams  in  1900  amounted  to  10,239,710,000 
gallons  of  liquor,  containing  184,777,382  pounds  of  straw  and  mineral 
matter  and  77,191.660  pounds  of  lime.  This  enormous  waste  was 
discharged  by  59  plants  of  various  sizes,  but  as  most  of  these  mills  are 
along  small  streams  the  resulting  jx)llution  is  very  apparent.  Some 
idea  of  the  amount  of  this  pollution  may  be  obtained  from  PI.  I,  /i. 
The  baled  straw  shown  is  a  three  months'  supply  for  a  mill  having  an 
output  of  30  tons  a  day.  In  three  months  one  third  of  this  straw  will 
lie  dis<-harged  into  the  stream  as  waste  matter. 

The  problem  of  the  disposal  of  the  waste  water  has  been  studied  by 
Prof.  K.  L.  Sackett,  of  Earlham  College/'  and  the  present  investiga- 
tion is  a  continuation  of  the  work  of  Sackett  along  new  lines.  In 
approaching  the  problem  it  is  necessary  to  kei^p  constantly  in  mind 
the  economic  conditions  affecting  the  industry.  The  low  selling  price 
of  the  product,  the  immense  volume  of  wast(»  water  necessary,  and  the 
fact  that  competition  l)etween  stniwl)oard  and  other  forms  of  cheap 
Inxird  is  active,  make  it  cpiite  inipnicticable  for  the  nmnufacturers  to 

<iThis  inveMlgaliou  \v»i.s  made  in  (•(xtptTiilion  witli  llu'  sanitary  IJ.'s,ari-li  Laboratory  aii<l  Sewage 
ExF«Tiin*'ril  Station  of  the  Massaehu>*c(t-  In-litiif(>  «»f  T.MhnoIni:y. 
''  Water-Sup.  and  Irr.  I'aiHjr  No.  113,  L  .  .•?.  Geol.  .Survey,  IL^O.*,  i>i>.  '.»-*>. 
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sido])t  liny  process  invol  vinjif  serious  oxpenditurcs.     The  solution  of  the 
problem  must  he  souj;fht  in  a  process  which  will  showau  actual  sjiving. 
Aside  from  the  matter  of  the  recovery  of  by-products  of  commercial 
value,  this  means  that  the  pnwess  must  compete  in  cost  with  the 
present  unsjitisfactory  sedimentation  methods  employed  at  many  of  the 
mills,  U)  the  cost  of  which  may  rejisonably  ])e  added  the  almost  constimt 
expense  of  lawsuits  and  injunction  proceedings,  the  latter  in  some 
cases  causing  the  closing  of  the  mill. 

As  a  result  of  this  study  it  has  been  found  that  sedimentation  of  tlio 
waste  water  for  a  short  period,  followed  by  filtration  thru  sand  at 
high   rates— the   so-called   mechanical  filtration,  but  without  coagi^- 
lants — will  produce  an  etfluent  from  which  more  than  90  per  cent  of 
the  suspcMided  organic  matter  has  \ye.on  removed.     This  efiluent,  whil^^ 
not  ideal,  is  probably  purified  to  such  an  extent  that,  allowing  a  facto  x* 
of  safety  of  2  for  impurities  in  the  stream,  it  may  be  discharged  intc:' 
streams  having  a  minimum  flow^  of  twice  the  discharge  of  the  mil  J- 
without  producing  a  nuisance.     The  cost  of  filtration  by  this  process^ 
after  the  initial  cost  of   installation,  is  practically  reduced  to  thes 
cost  of  pumping  the  wash  water.     The  final  result  is  a  heavy  sludge, 
whose  volume  is  less  than  .">  per  cent  of  the  initial  volume  of  the  waste. 
Ultimate*  disix)sal  of  this  sludge  could  l^e  made  either  by  discharge 
over  land  for  siM)ntaneous  evaporation,  by  evaporation  by  means  of 
artilicial  heat,  or  by  filtiM*  pressing.     The  sludge  has  some  value  as  a 
fertilizer,  and  there  are  also  cerbiin  commercial  use.s  to  which  it  seems 
to  l)e  adiipt<'(l. 

THE  MANUFACTURE  OF  STRAWBOARD. 

The  following  description  of  the  manufacture  of  strnwlxmrd  is  taken 
from  Professor  Sackett's  paper:" 

STKAMIMJ    I\    HOT  ARIES. 

Tin*  straw  is  first  snbjoctcd  to  :i  <iK»kin^'  i»r(KH'ss  by  nteani  and  lime.  A  Xvlt^ 
ollipsoiilal  rntatinj:  stt-cl  ]>()iK'r  calkMl  a  ''rotary"  *  *  *  is  filled  with  straw, 
wliirh  is  then  ('(M)ki'(l  down  with  stoani.  thi^n  ii^ain  lilleMl  and  cooke<1  down  until  the 
rotary  boiler  has  been  <onij)leti*Iy  tilletl.  Tlio  proi-ess  of  tilling  a  rotary  occupiefn 
from  >ix  to  twelve  lionrs.  The  linal  cliar^e  t'onsistn  of  al)out  6  tons  of  straw  aud  30 
bnsliels,  or  lMOO  jmmuhIs,  of  hnie  in  the  furni  of  milk.  This  mixture  is  then  rotatcti 
an«l  eook<Ml  nn«h'r  40  pounds  of  steam  prt'ssnre  for  twelve  hours.  *  ♦  ♦  This 
ap]>arently  severe  ehemical  and  mechanical  action  results  in  a  rapid  softening  of  the 
woody  fiber  and  in  the  reduction  of  the  straw  to  u  dark-yollow,  pulpy  mass.  This 
**st(H*k,''  as  it  is  called,  is  stacked  in  piles  10  to  lo  feet  hijrh  to  drain.  Concerning 
tht^  aetion  whirh  takes  place  in  the  rotaries,  the  Journal  of  the  Society  of  Chemical 
In(histry  says: '' 

"T))e  chemical  actitm  of  the  milk  of  lime  on  tin;  incrusting  materials  surrounding 
the  straw  fiber  is  not  a  vi^:orous  one.     These  incrustinjr  materials  are  not  completely. 


««W:ihT-Sup.  and  Irr.  Pjiimt  Xo.  IIH.  I*.  S.  GvtA.  Survey.  VM^t,  pp.  i:i-li>. 
/'  Fur  February  "JS,  iwu.  p.  loi. 
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nor,  indeed,  to  a  great  extent,  H4'i)arate<l  fn>iii  the  relluloHe.  Tlie  mineral  matter 
remains  in  the  product  practically  untouched,  and  if  any  less  quantity  than  that 
corregponding  to  the  percentage  in  the  original  straw  oj)erate<l  upon  exists  in  the 
prepared  pulp,  it  ia  due  rather  to  the  washing  after  digestion  than  to  any  solvent 
action  of  the  milk  of  lime.  Milk  of  lime  under  certain  conditions  has  a  bleaching 
at'tiun  upon  the  straw.  It  neutralizes  the  organic  acids  usually  found  when  fibrous 
plante  are  heated  for  any  length  of  time  in  the  presence  of  water." 

Tlie  yield  of  pulp  at  this  point  will  be  from  75  to  80  i)er  cent  of  the  weight  of  the 
orijdnal  material.     ♦    ♦    ♦ 

The  material  is  allowed  to  stand  in  these  piles  for  twenty-four  hours  or  more  to 
drain.  After  it  is  thus  drained  it  contains  about  50  i>er  cent  of  water  and  from  (\  to 
"percent  of  lime.  This  is  equivalent  to  from  12  to  14  i>er  cent  of  lime  in  the  dry 
rtraw.  Sini«  the  original  chai^  of  lime  and  straw  was  in  the  proportion  of  2,100 
pounds  of  lime  U>  14,100  pounds  of  straw  and  lime,  or  about  14  per  cent  lime,  practi- 
cally none  of  the  latter  has  drained  out  with  the  condensed  steam.  This  drainage 
from  the  stock  piles  forms  but  a  small  part  of  the  waste  si'wage.  It  is  straw  colort*d 
and  very  turbid,  carr>'ing  a  small  quantity  of  tiber  bn)ken  fine  in  the  rotaries. 


This  process  is  much  more  drastic,  an<l  it  is  here  that  the  great  volume  of  waste  is 
produwi. 

The  stock  is  run  thru  washing  machines  for  the  pur|)ose  of  removing  the  lime. 
*  *  *  The  washing  machine  consists  of  an  oval  channel  about  3  feet  wide,  around 
which  the  stoi'ik  travels,  being  supplied  with  copious  volumes  of  water.  Across  this 
channel  is  placed  a  cylinder,  42  inches  in  diameter  and  42  inches  long,  having  longi- 
tudinal ribe  or  flanges  about  three-fourths  of  an  inch  siiuare  in  section  and  three- 
fourths  of  an  inch  apart.  Meshing  with  this,  like  the  ti»eth  of  geared  wheels,  is  an 
idler,  below,  of  similar  size  and  form.  These  wheels,  revolving,  lift  the  water  ainl 
^raw  to  a  level  several  inches  higher  than  that  in  the  oval  channel,  whence  it  flows 
'»y  gravity  halfway  around  its  course  to  a  point  where  it  meets  a  revolving  brass 
wreen  of  fine  mesh,  thru  which  a  part  of  the  water  escapes,  carrying  with  it  the  finer 
particles  of  fiber  and  free  lime.  The  remaining  straw,  with  ad<litional  volumes  of 
freshwater,  now  passes  many  times  thru  the  rolls,  which  further  mash  and  break  the 
filler,  and  around  to  the  screen,  where  more  strnw,  lime,  and  water  encape.     ♦    *    « 


After  the  washing  ])rocess  the  straw,  with  a  considerable  volume  of  water,  is  led  to 
a  train  of  rolls,  consisting  of  three  parts— first,  the  wot  end;  second,  the  hot  rolls; 
third,  the  trimming  and  cutting  machine.     As  it  comtjs  from  the  washers  the  mate- 
rial is  run  into  vats,  where  it  is  mixt  with  large  quantities  of  water  and  past  over 
hollow  cylinders  having  fine  wire-cloth  faces,  which  allow  the  water  to  escape,  leav- 
ing the  fil)er  on  the  surface  of  the  cylinder.     The  fiber  is  then  taken  by  woolen  felts, 
which  are  prest  down  on  the  surface  of  the  cylinder.     This  makes  a  web  of  paper 
on  the  felt.     The  pulp,  which  is  now  about  one-third  straw  and  two-thirds  water, 
travels  up  and  down,  over  and  under  a  <louble  train  of  hot  rolls,  heated  by  steam 
that  is  carried  in  thru  hollow  l)earings.     As  the  pulp  passes  on  thru  the  train  it  is 
c<»nst;uitly  prest  and  dried,  until  finally  it  is  separated  from    its  <'loth  support  and 
gr;es  to  the  trimming  machine,  where  it  is  cut  into  sheets  of  proper  yize.     It  now 
contains  about  10  per  cent  of  water  and  a  sniall  (piantity  of  lime.     The  board  is 
iriannfactured  in  many  thicknesses  and  wei»rhts.     Just  l)ef<»re  it  is  trimnuMl  it  may  lie 
coate<i  on  one  or  both  sides  with  a  thin  pai>er  facing  (»r  finish. 
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THE  DISPOSAL  OF  WASTE  LIQUOR.  ' 
METHOD  IN    USE. 

At  present,  so  far  as  can  be  learned,  the  only  method  of  treating  the 
waste  liquor  in  actual  use  l\v  the  manufacturers  is  that  of  prolonged 
sedimentation  in  open  fields.     The  overflow  water  from  these  fields  is 
not  satisfactorily  clarified  at  all   times  of   the  year.     During  cold 
weather  it  is  fairly  clear  and  can  be  discharged  without  serious  harm. 
During  the  summer,  however,  a  very  offensive  fermentation  takes 
place  in  the  accumulated  sludge,  giving  rise  to  objectionable  odors  and 
blackening  the  water.     At  such  timers  the  aim  is  to  hold  all  the  waste 
water  in  the  ponds,  trusting  to  evaporation  and  to  the  storage  capacity  of 
the  ponds  until  cold  weather  again  relieves  the  situation  and  the  increased 
flow  of  the  stream  permits  a  discharge  of  the  surplus  water  stored. 
The  most  serious  objection  to  this  process,  which  seems  to  be  satisfac- 
tory to  riparian  owners  below,  is  the  fact  that  these  ponds  are  contin- 
ually filling  up  with  a  soft  nuid,  which  destroys  their  function  as  sed- 
imentation basins  and  renders  them  useless  for  other  purposes.    Tb<^ 
time  must  come,  even  in  the  most  favorable  situation,  when  additionn-* 
land  can  not  be  afforded  for  this  purpose.     A  second  objection  is  tlui^ 
the  accumulated  sludge  is  held  for  years  and  .slowly  putrefies.    Th^ 
organic  matter  of  the  waste  is  b\it  slightly  nitrogenous  and  is  fairl>' 
stable.     It  probably  contains  some  reducing  sugars  capable  of  nipitJ 
fermentation  if  kept  in  concentrated  form  and  if  given  at  the  same 
time  some  nitrogenous  mattt^r.     The  slow  diH'omposition  of  the  stable 
straw  material  supplies  the  necessary  nitrogen,  and  the  result  is  a  very 
rapid  multiplication  of  the  ])utrefactive  organisms  and  an  accompany- 
ing offensive  putrefaction.     Laboratory  experiments  have  shown  that 
the  soluble  sugars  by  themselves,  as  found  in  a  filtered  sample  of  the 
waste  water,  do  not  ferment  or  decompose,  and  that  even  the  untiltered 
waste  is  not  subject  to  a  (juiek  putrefaction  such  as  characterizes  sew- 
age matter.     Id  fact,  bottles  liav(»  ))een  stored  for  over  a  year  without 
any  evidence  of  fermentation,  and  it  may  very  reasonably  be  held  that 
the  necessary  nitrogen  comes  larg«»ly  from  the  bottom  of  the  ix)nds, 
rating  than  from  the  sludge  itself.     Inspection  of  the  stream  l)elow 
one  of  these  ponds  showed  that,  while  putrefaction  wiis  barely  notice- 
able and  not  at  all  offensive  in  the  pond  itself,  the  admixture  of  .some 
of  this  water  with  that  of  a  small  lirook.  highly  polluted  with  the  ref- 
use of  a  slaughterhouse,  had  immediately  a  very  offensive  result. 
Investigation  of  the  condition  of  the  streams  below  these  mills  reveals 
the  fact  that  the  most  serious  nuisance  generally  occurs  at  a  point  very 
renjote  from  the  mill  itself.     It  is  directly  caused  by  the  slow  decom- 
position of  material  deposited  in  the  bed  of  the  stream.     The  condi- 
tions are  doubtless  aggravated  by  the  sinuiltaneous  precipitation  of 
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other  polluting  substances,  notably  sewage,  brought  about  by  the  free 
lime  of  the  strawl)oard  waste. 

The  effective  solution  of  the  problem  lies  in  the  rapid  separation  of 
the  solid  matter  from  the  dissolved  sugars  and  lime  and  a  subsequent 
dilution  of  the  latter  so  that  they  shall  be  innocuous.  The  insoluble 
material  when  dry  is  entirely  stable.  The  present  system,  therefore, 
is  not  only  unsatisfactory  from  the  economic  side,  but  it  works  on 
a  wrong  principle  for  satisfactory  purification  in  that  it  encourages 
putrefaction. 

The  cost  of  these  ponds  at  four  of  the  larger  mills  of  the  United 
Box-board  and  Paper  Company,  as  stated  by  an  official  of  that  com- 
pany, has  been,  in  round  numl)ers,  to  date,  $10,000,  $15,(X)0,  $>8,000, 
and  $8,000.  In  the  last  case  the  results  were  still  unsatisfactory,  and 
after  a  considerable  expenditure  on  other  experiments  the  company 
has  *r)een  obliged  to  close  this  mill. 

PROPOSKI)   MKTIIODS. 

CENTRIFUGAL  SEPARATION. 

Centrifugal  separation  of  the  solid  matter  from  the  liquor  was  tried 
at  Tiffin,  Ohio,  in  11)04.  It  has  not  been  possible  to  obtain  more  defi- 
nite information  concerning  those  experiments  than  is  contained  in  the 
trade  papers  of  that  time.  It  is  understood,  however,  that  the  results 
were  quite  satisfactory,  but  that  the  cost  of  operation  was  prohibitive. 
The  account  referred  to  (see  Paper  Trade  •Journal,  Februar}^  2,  1905) 
states  that  the  effluent  was  clear  and  colorless  and  that  the  residue  was 
found  by  analysis  to  l>e  valuable  as  a  fertilizer. 

PRECIPITATION    WITH    CARBON    DIOXIDE. 

As  a  result  of  his  investigations  Sa<;kett  concluded  that  plain  sedi- 
mentation would  remove  alx)ut  10  per  cent  of  the  suspended  solids  in 
twenty-four  hours  and  that  during  the  ensuing  twenty-four  hours  ihe 
additional  removal  was  very  slight;  that  good  purification  could  be 
effected  by  chemical  precipitation  only  by  using  sulfate  of  aluminum 
in  excessive  amounts  and  at  an  entirely  i)rohibitive  cost;  that  sulfate 
of  iron  gave  inferior  and  unsatisfactory  results,  and,  finally,  that  hy  a 
process  of  precipitation  with  carbon  dioxide  and  lime  an  average 
removal  of  85  per  cent  of  the  suspended  matter  could  be  etlVcted. 

The  process  reconunended  by  Sackctt  consists  in  {(f)  saturation  of 
the  waste  water  with  carbon  dioxide  to  form  bicarbonate  with  all  the 
lime  present;  (b)  addition  of  limi^  ccjual  to  that  already  present  to  form 
a  normal  carbonate;  (c)  sedimentation  of  the  precipitated  carbonate 
afid  consequent  dragging  down  of  souk*  of  the  organic  matter,  and  {<l) 
filtration  of  the  resulting  claritied  li(|U()r  thru  sand  at  raters  of  500,000 
to  2,000,000  gallons  per  acre  y.n  day.  This  process  has  never  h(»en  used 
}>v  manufacturers  so  far  a^  llic  writer  is  awan». 
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It  docs  not  appear  from  Sackett's  report  that  he  tried  the  simpler 
but  equivalent  process  of  saturating  one-half  the  total  volume  with 
carbon  dioxide  and  then  mixing  with  the  other  half.  Such  treatment 
would  do\ibtless  have  precipitated  the  calcium  fully  as  well,  with  a 
saving  of  one-half  the  carbon  dioxide  and  all  the  lime  required  by  the 
process  recommended.  An  examination  of  the  analytical  data  shows 
that  the  removal  of  suspended  organic  matter  accomplished  by  die 
precipitation  and  sedimentation  processes  varied  from  zero  to  75  per 
cent,  with  a  mean  value  of  37  per  cent.  Experiments  on  plain  sedi- 
mentation, made  by  the  writer  both  in  the  laboratory  and  on  a  large 
sciile  in  the  field,  show  it  to  be  equally  efficient  for  the  removal  of  sus- 
pended organic  matter.  The  fact  is  that  the  precipitated  carbonate  of 
calcium  is  very  finely  divided  and  has  no  value  as  a  coagulant  The 
process  is  valuable  to  remove  the  lime,  if  that  be  desirable.  It 
hardly  seems,  however,  that  the  value  of  discharging  a  lime-free 
(affluent  into  the  hard  waters  of  the  Middle  We«t  is  at  all  commensurate 
with  the  cost  of  treatment. 

LABORATORY  INVESTIGATIONS. 
CHEMICAL   STUDY  OF  THE   SOLUBLE  MATTER. 

Several  barrels  of  the  strawboard  waste  liquor  were  shipped  to  Bos- 
ton from  one  of  the  mills  of  the  United  Box-board  and  Paper  Company, 
tind  on  this  material  a  series  of  investigations  was  carried  out.  Sack- 
ett's  experiments  with  various  coagulants  were  repeated  and  his  results 
confirmed.  It  was  found  that  the  poor  results  obtained  with  any  but 
excessive  amounts  of  iron  or  aluminum  sulfate  were  due  to  the  pres- 
ence of  a  su))stance  in  solution  which  forms  soluble  combinations  with 
those  mentals.  This  substance  was  isolated  by  precipitation  with  hydro- 
chloric acid,  and  after  repeated  purificjition  was  found  to  have  the 
following  properties:  It  is  an  organic  acid,  probably  related  to  the 
humic  or  uhnic  acids  of  the  soil  and  peaty  watei'S.  It  exists  in  the 
waste  water  as  a  calcium  salt,  having  partially  neutralized  the  free 
lime  used  in  the  digestion.  It  is  precipitated  by  strong  acids,  coming 
out  as  a  dark -red  substance  which  turns  brown  on  slow  oxidation  in 
the  air.  It  cnn  be  redissolved  in  a  solution  of  sodium  carbonate, 
giving  a  garnet-red  solution.  It  dissolves  in  alcohol,  giving  a  deep- 
red  color,  but  oxidizes  to  a  brow  n  insoluble  substance.  Its  calcium 
and  aluminum  salts  are  not  soluble  when  prepared  from  the  insoluble 
acid,  but  the  acid  can  not  be  precipitated  from  its  solutions  by  these 
metiils.  It  a])pears  that  there  are  formed  colloidal  suspensions  of  the 
calcium  and  aluminum  salts.  The  solutions  have  a  bright-yellow  color 
and  colloidal  appearance.  The  iron  compound  is  similar  but  of  a  green 
color.  The  sodium  salt  api^ears  to  be  solul>le  and  to  dissociate  into 
deeply  colored  acid  ions. 
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A  second  substance  inolated  from  the  wujste  has  the  following  prop- 
erties: It  is  soluble  in  water  and  not  precipitated  by  any  of  the 
coQunon  precipitants,  including  alum,  ferrous  sulfate,  lead  acetate 
(normal  or  basic),  carbonates,  hydrates,  or  acids.  It  is  responsible 
for  a  large  part  of  the  color  of  the  water  and  can  not  be  removed  by  . 
any  practical  method. 

These  two  substances  with  the  lime  make  up  the  greater  part  of  the 
dissolved  material.  They  are  entirely  stable  and  do  not  undergo  putre- 
factive change  when  stored  in  the  incubator,  either  alone  or  mixt  with 
varying  proportions  of  tap  water.  In  addition  to  these  substances 
small  amounts  of  reducible  sugars  are  present.  The  amount  is  so 
small  that  in  any  material  dilution  of  the  liquor  the  dilution  of  these 
sugars  will  prevent  their  manifesting  themselves  as  putrefactive  agents. 
These  sugars  are  probably  responsible  for  the  slow  fermentation  in 
the  sedimentation  fields  after  the  lime  has  been  sufficiently  removed 
to  allow  the  action  to  proceed. 

PRECIPITATION    EXPERIMENTS. 

Substances  in  suspension  may  be  removed  by  filtration  or  by  sedi- 
mentation.    When  the  material  is '  finely  divided  or  of  low  specific 
gravity,  either  process  may  sometimes  be  assisted  by  the  application 
of  suitable  coagulants.     These  tend  to  clot  the  small  particles  into 
larger  flakes,  and   by  their  own  greater  density  carry  the   clotted 
material  to  the  bottom.     Two  chemical  substances  are  required,  as  a 
rule,  to  produce  the  necessary  precipitation,  one  of  which  is  generally 
the  calcium  bicarbonate  found  normally  in  the  water.     This  calcium 
salt  reacts  with  the  sulfates  of  certain  metiils,  notably  iron  or  alumi- 
num, to  produce  the  sulfate  of  calcium  and  the  h3^di'ates  of  the  corre- 
sponding metals.     In  the  present  case  there  is  a  lai'ge  amount  of  free 
lime  in  solution.     It  would  seem,  therefore,  that  precipitation  might 
be  brought  about  by  the  addition  of  either  copperas  or  alum.     Exper- 
iments showed  that  copperas  failed  to  react  at  all  and  that  fair  results 
could  be  obtained  with  alum,  but  only  at  a  prohibitive  cost.     As  will 
be  seen  in  the  accompanying  tables  of  results,  the  removal  of  organic 
matter  by  alum  was  much  better  than  that  ohtjuned  by  plain  sedi- 
mentation. 

RetuUs  of  precipitation  experhnmt  on  xtrairhoard  vaxie. 

Suspi-nded  Holids. 

Sample. -       — 

I    Prewint.      Removed. 

,  milium.  ^'^  ^''"• 

Raw  waste 1 .  :yso   

Waj!teafter2  houn*'  *e<l'nentiition: 

With  coagulant  a 120  91 

Without  coagulant 5i;o  m 

"The  cnaKnlant  used  vrm  alum  in  the  pn)iM)rtl«>n  of  10  jrrains  of  sulfftle  (\t  tt\\\w\\\\\w\  \wt  \!>\\\Vn\\. 
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lDi-rea>in^  thf  siinount  of  aliiniinuiii  .sulfate  gave  practically  the 
same  result.  Smaller  amounts^  ^ve  indetioite  and  at  times  negative 
results.  The  use  of  IM  grain-s  per  gallon  of  sulfate  of  aluminum  at  1 
cent  a  p^umd  would  represjent  a  cost  of  about  43  cents  per  ton  of  fin- 
ished product  of  the  mill.  The  studies  on  the  nature  of  the  dissolved 
mucerial  already  referred  to  explain  these  poor  precipit:ition  results 
with  alum.  Soluble  compounds  are  formed  with  the  organic  acid, 
instead  of  aluminum  hydrate,  the  desired  coagulant. 

Experiments  were  made  with  carbon  dioxide  according  to  Sackett's 
proce<lure,  and  his  results  were  c<infirmed.  There  was  but  a  slight 
removal  of  suspendeil  organic  matter — about  8i>  |iercent — which  could 
Ik?  prixluced  eijually  well  by  plain  sedimentation.  In  fact,  under 
actual  working  conditions  sedimentsition  was  found  to  hi*  even  more 
effective. 

SEDIMENTATION    EXPERIMENTS. 

In  a  study  of  plain  sedimentation  it  is  important  to  know  the  rate 
of  sediment£ition  and  how  this  varies  with  the  time.  With  satisfac- 
tory data  on  this  point  it  is  i)o<sible  to  estimate  the  amount  of  clariti- 
cjition  which  may  l>e  exiXHrtcni  to  result  from  any  given  jieriod  of 
sediiuentatioh  and  to  establish  the  most  suitable  period  for  the  cu<^  in 
hand.  It  whs  observed  early  in  thi«*  work  that  apparently  a  large 
portion  of  the  su^iKMuled  solids  settled  out  in  a  very  short  time,  and 
tliiit  to  all  ap|x*:irance*i  further  improvement  was  extremely  slow. 
The  determinations  of  the  total  solids  given  in  the  following  tjible 
show  that  there  i-^  no  practical  advantage  in  sedimentation  for  a  period 
of  nmcli  over  one  hour: 


Kf»ti  tjf  *i'tlin>H,t'UiOti  "H  3<{ratrfHjn§i.f  tnt;^ttf. 


Su*>pon«k'<1  sulid^ 
Present.      Romove<i- 


lAK\\\oT  at  K'i:u:n:nir  oi  oxponmoni 1  344 

SuiK-nmlniH  aittr  Ihour '"Qs,    :a 

SuiK-rnataiit  a-UT  IJ  liouri ^J^  « 


SIMMAKV. 

A<  a  suininary  of  the  lalHirut(>ry  investigations,  it  may  ])e  sjiid  thiii 
the  ivinovai  of  the  tli-isolved  ri»loring  and  other  organic  matter  and 
the  lime  in  an  ecoiioniioal  way  is  impnu-tical:  that  by  plain  sedimenta- 
tion a  removal  of  Mispeiided  material  pnictieally  as  goinl  as  the  tet 
removal  oiKorved  with  the  use  of  a  coagulant  *  can  l>e  accomplished: 
and  that  a  sedimentation  perio<l  of  one  hour  is  sutiicient  for  the 
removal  of  about  T.o  por  cent  of  the  suspended  solids,  a  longer  i)eriod 
inereasinir  this  removal  i>ui  sliirhtly.  For  the  removal  of  thenmiain- 
diM-of  the  suspended  matter,  there  remains  hut  one  process— liitration. 
//  u;/.s  thvivt'oiv  derided  to  make  \u\  xv^UvaI  Ikld  test  of  this  method  of 
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purification.  The  very  lar^e  amounts  of  suspended  matter  to  be  han- 
dled .seemed  to  eliminate  at  the  outset  the  possible  use  of  slow  sand 
filtration,  vso  that  it  was  obvious  that  mechanical  filtration  at  high  rates 
and  with  some  provision  for  removing  the  accumulated  sludge  from 
the  surface  of  the  filters  was  the  only  system  applicable  to  the  problem. 

FIELD  INVESTIGATIONS. 
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AMOUNT  OF   WATER   USED. 

It  was  found  that  conditions  were  favorable  for  measuring  the 
entire  volume  of  waste  water,  as  it  left  the  mill  in  a  waste  flume.  As 
aeheck  on  these  measurements,  observations  of  the  rate  of  operalrion 
of  the  pump  were  made,  all  the  water  used  being  pumped  from  a  large 
well  under  the  mill. 

A  rectangular  flume,  whose  mean  width  was  1.96  feet,  was  used  for 
these  measurements.  A  distance  of  100  feet  was  measured  oflf  in  a 
portion  where  the  slope  was  practically  constant.  To  determine  the 
velocit}^  of  flow  at  various  elevations  in  the  flume,  a  float  was  used 
which  was  nearly  as  long  as  the  width  of  the  flume  and  was  provided 
with  vanes  underneath,  so  that  it  always  floated  squarely  across  the 
flume.  The  following  observations  are  the  mean  of  a  large  number 
made  at  various  elevations  of  water  in  the  flume: 

Mewi  depths  relocUy,  and  flow  of  waste  water  in  flume  of  mill  of  United  Box-board  and 
Paper  Company^  (rlxmaf  Ohio. 


Depth  of 
water. 

Velocity 
of  flow. 

Area  of 

cross  see- 

ti<»n. 

Flow. 

Vat 

wr 

Cnln'r/ett 

F(M)t.          1 

second. 

Si  III  are  foot. 

IHT  litTOlld. 

0. 19  1 

3.1 

0.37 

1.1 

.2.=)  , 

3.K 

.19 

1.9 

.29 

4.0 

.57 

2.3 

.31   ' 

1.2 

.61 

2.  r. 

.3;^  1 

J.  3 

.6r> 

2.H 

.37  1 

l.r> 

.72 

3.2 

These  values  of  the  depth  and  the  corresponding  flow  were  then 
plotted.  The  most  probai)l('  line  was  drawn  thru  them,  and  that  curve 
was  used  as  the  true  rating  curve  of  the  thnne  in  the  subsequent 
calculations. 
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During  the  two  hours  from  10.4:5  a.  m.  to  12.45  p.  m.,  March  80,  a 
test  run  was  made  to  determine  the  total  flow.  The  following  reading? 
of  the  elevation  of  the  water  in  the  waste  flume  were  made,  and  from 
these  readings  has  been  calculated  the  total  flow  for  the  two  hours: 

Fltfir  of  imMf  unter  in  ftume  of  mill  of  VniUd  Box-hoard  ami  Paper  Company^  Vrbana^ 

Ohio,  March  SO,  1906.     ■ 


Time. 

1 

1 

Depth.         Flow. 

Flow  for  15-miDtite 
period. 

Mean  rate 
of  flow. 

Total  flow. 

1(1  Jf)  a     ni                        

Cubic  feet 
f^xtt.     ,  per  9eeon4. 
0.29                2.8 
.29                 2.8 
.33,               2.8 
.83                 2.8 
.33                 2.8 
.83                 2.8 
.88  '               3.4 
.36  1              8.1 
.38  1               2.8 

Cubie/ed 
pcrtecond. 

Cutrir/aL 

lift  m        

is 

2.6 
2.8 
2.8 
2.8 
8.1 
8.2 
8.0 

2,100 

11150   m               

2^800 

1130a  m       

2.fi00 

1146a  m                     

2,500 

12  m          *        

•tsoo 

12  15  D  m 

2,800 

1230n  ni             

S.000 

12  45  j)  m                    

2,700 

Total              

........ ..i.. .......... 

20,400 

1 

This  total  flow  of  20,400  cubic  feet  in  two  hours  represents  an 
average  flow  of  2.09  cubic  feet  per  second. 

A  few  measurements  were  made  of  the  water  running  in  the  waste 
flume  when  the  l>eaters  were  not  running  and  again  when  the  paper 
machine  was  stopt.  The  flow  from  the  machine  was  found  to  he 
fairly  constant  at  1.4  cubic  feet  per  second,  and  the  beaters  were 
found  to  discharge  amounts  of  1.2  to  l.S  cubic  feet  per  second, 
depiMiding  on  the  number  of  beaters  in  operation  at  the  time. 

I)uring  the  test  run  observations  of  the  rate  of  operation  of  the 
pump  wore  made  at  short  intervals.  The  pump  was  a  double-acting 
duplex  Siiiith-Vaile  pump,  with  water  cylinders  14  inches  in  diameter 
and  with  a  stroke  of  1.")  inches.  Slip  })eing  neglected,  the  capacity  of 
the  piini])  is.  therefore,  1.31^5  cubic  feet  per  stroke,  or  5.340  cubic  feet 
per  comph^tc  revolution.  Following  are  the  observations  made  on  the 
pump  and  the  calculated  rate  of  pumping: 

I)isrhar(fe  <if  fnitujt  at  mill  of  Vniittl  liox-hoard  and  Paper  Companif,  irUttui,  Ohio, 

March  30,  1905. 


Time. 

Revolu- 
tions JKT   DiM'lmrKe. 
minute. 

,  Cubic  feet 
per  Htcinul. 
31  j             2.28 
30              2.  r,7 
:w  .            2.67 
:^0               2.67 
30               2.67 
30  '             2.67 
«40  '■             3.5S 
10                3. 5H 

Time  be- 
twwnob- 
scrvatioDB. 

0 
900 
900 
900 
900 
600 

Diwharge  < 
twcenobs 

Mean. 

Cubie/ret 
pertccond. 

)f  pump  be- 
ervatlons. 

Total. 

Cubic/eet. 

2.43 
2.67 
2.67 
2.67 
2.67 

2,467 

11  1.')  11.  ni 

2,408 

1 1  30  a  III                 

2,408 

11  ihn.  m 

2.403 
1,602 

11  .V>M  m 

Do      

12  25  j>  ni 

i.Aoo 

1.200 

3.58 
3.48 

6,444 

12  45  n  m              

3H 

3.57 

4.176 

Totttl  pumiKHl 

21,888 

1 

a  Changed. 
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During  the  test  four  of  the  seven  rotaries  were  filled.     Two  hundred 

and  fifty  cubic  feet  of  water  are  required  for  each  rotary,  or  1,750 

cubic  feet  for  the  seven.     Since  all  seven  are  filled  only  once  in  twenty - 

four  hours  the  water  used  in  this  process  amounts  to  73  cubic  feet  per 

hour  for  the  whole  day.     The  water  so  used  during  the  two  hours  of 

the  test  was,  however,  750  cubic  feet,  an  excess  of  604  cubic  feet  over 

the  normal  mean  consumption.     The  amount  pumped  must,  therefore, 

be  corrected  by  this  amount.     The  elevation  of  the  water  in  the  supply 

tank  was  1  foot  greater  at  the  end  of  the  test  than  at  the  start.     The 

diameter  of  the  tank  is  12  feet.    This  storage  amounts,  therefore,  to 

113  cubic  feet,  and  must  also  be  applied  as  a  correction.     A  small 

stream  of  water  was  being  wasted  from  the  engine  condenser.     This 

stream  was  roughly  estimated  by  float  measurements  to  be  about  0.3 

cubic  foot  per  second,  or  2,160  cubic  feet  during  the  two  hours  of  the 

run.    These  three  corrections  amount  to  2,888  cubic  feet,  which  is  to 

be  subtracted  from  the  total  pumped,  21,888  cubic  feet,  leaving  a  net 

pumpage  of  19,000  cubic  feet  for  two  hours,  or  2.64  cubic  feet  per 

second,  a  result  in  close  agreement  with  the  2.69  cubic  feet  per  second 

measured  in  the  waste  flume. 

RAW    MATERIAL  AND   FINISHED   PRODUCT. 

During  this  test  run,  careful  weighings  were  made  of  the  amount  of 
finished  board  produced.     The  figures  were  as  follows: 

l^Uid  nj mill  of  Cnited  Box-board  and  Pajicr  (bmjxinifj  Vrbayia,  Oh iOj  for  two  hours, 

March  SO,  1905. 

Pounds. 

Gross  product 4, 841 

Waste  and  trimmings 196 

Net  product 4, 645 

Dividing  the  total  amount  of  waste  liquor,  20,400  cubic  feet,  by  the 
amount  of  net  pro<luct  gives  8,780  cubic  feet,  or,  roughl3\  65,000  gal- 
lons per  ton  of  product.  As  the  daily  product  of  this  mill  is  about  30 
tons,  about  1,900,000  gallons  of  waste  water  are  discharged  each  day. 

The  charge  of  one  rotary  was  caref  uU}'  weighed.  There  were  used 
133  bales  of  straw,  of  an  average  weight  of  102  pounds,  or  a  total  of 
l'^,600  pounds  of  straw.  The  amount  of  lime  was  weighed,  but  the 
weight  was  somewhat  in  excess  of  the  average  amount  used,  as  deter- 
mined by  the  total  weekly  consumption  of  lime.  The  latter  figure, 
which  is  2,100  pounds  per  charge,  will  therefore  be  used.  The  total 
amount  of  straw  used  in  the  7  rotaries  is  accordingly  96,200  pounds 
per  day,  and  of  lime,  14,700  pounds  per  day.  Subtracting  from  this 
the  60,000  pounds  of  finished  product  leaves  a  waste  of  35,200  pounds 
of  vegetable  and  mineral  matter  from  the  straw  and  14,700  pounds  of 
lime,  which  is  carried  oflf  each  day  in  the  1.9  million  gallons  of  wat^r* 
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Calculated  into  parts  per  million,  these  figures  give  about  2,400  parts 
of  straw  material  and  about  1,000  parts  of  lime.  Analyses  of  average 
samples  of  the  waste  water  gave  about  600  parts  of  calcium  or  840 
parts  of  lime  per  million.  The  difference  is  due  partly  to  the  loss  of 
lime  during  the  draining  of  the  digested  pulp  and  largely  to  impurity 
of  the  lime. 

CHARACTER  OF  THE  MACHINE  WATER. 

Determinations  of  the  lime  were  made  on  the  well  water  and  on  tb.^ 
various  waste  waters.     It  was  found  that  the  greater  part  of  the  linB< 
is  washt  out  in  the  beaters  and  that  the  water  from  the  machine  coi 
tained  but  little  lime  in  excess  of  that  in  the  raw  water.     The  actu^^-1 
figures  were: 

Calcium  in  ivaste  water, 

[Parts  per  million.] 

Well  water 238 

Beater  water : 1,164 

Machine  water 380 

A  rough  determination  of  the  impurities  was  made  by  precipitatin^ 
the  lime  and  organic  matter,  with  a  large  excess  of  alum.  A  6-inc- 
column  of  the  beater  water  gave  a  layer  of  precipitate  an  inch  thiclc:^ 
while  the  amount  obtained  from  the  machine  water  was  too  small  tc^ 
be  measured. 

MECHANICAL   FILTRATION. 

In  May,  190^\  a  small  oxporimental  filter  was  installed  at  this  mill, 
in  order  to  obtain  some  pmctical  data  on  the  efiiciency  of  treating  the 
wafsto  by  mechanical  filtration.  The  filter  and  accessories  were  loaned 
by  the  New  York  Continental  •lewell  Filtration  Company,  of  New 
York,  thru  the  courtesy  of  Mr.  li.  E.  Milligan,  assistant  general 
manager,  and  the  expenses  of  shipment  and  installation  were  borne  by 
the  paper  company. 

DESCHIPTION   OF  THE   P'lLTER. 

The  filter  used  is  shown  in  tig.  1.  The  waste  water,  after  passing 
the  regulating  butterfly  valve,  divided  into  two  streams  and  entered 
th(»  bottoms  of  the  two  sediment'ition  tanks.  These  tanks  were  of 
cypress,  each  having  a  diameter  of  4  feet  and  a  depth  to  the  overflow 
line  of  3.2  feet.  The  capacity  of  the  two  was  603  gallons.  The 
water  was  delivered  to  the  tanks  thru  half-inch  holes  in  the  sides  of 
risers  extending  to  the  surfaci*.  The  vertical  distribution  was,  there- 
fore, very  uniform.  Vertical  baflles  caused  the  water  to  flow  com- 
pletely thru  the  tanks,  and  a  funnel-shaped  overflow  collected  the 
clarifled  water  from  the  surface  of  each  tank  and  delivered  it  to  the 
surface  of  the  filter.    The  filter  proper  was  of  galvanized  iron,  set 
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upon  a  cast-ii-oii  base,  provided  with  a  false  bottom  of  line  brass 
screening.  The  diameter  of  the  filter  was  20  inches,  and  its  total 
depth  to  the  false  bottom  was  5  feet.     Suitable  connections  and  valves 


"^'"T'^VC^ 


^ .-t"-l 


^fiff^^^*4^ 


Fio.  1.— D.'taiN  of  rxjHTiincntKl  IiH.t. 


were  provided,  as  shown  in  thr  driiwinof.  so  lli:it  the  iiiHucnt  and  the 
affluent  water  could  be  cut  oil.  a  ^tn^uin  of   wash   water  could  be     J 
IKK  1S9— 06 2 
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admitted  from  the  bottom,  and  the  dirty  ivash  water,  overflowing 
from  the  top,  could  either  he  wasted  thru  the  sewer  connection  or 
returned  to  the  sedimentation  tankH.  The  device  for  stirring  the 
sand  during  washing  was  operated  by  hand.  Wash  water  was  sup- 
plied from  an  elevated  tank  under  such  a  head  that  a  maximum  flow 
of  25  gallons  pov  minute,  or  12  gallons  per  square  foot  per  minate, 
was  possible.  A  flow  of  al)out  8  gallons  i)er  square  fool  per  minate 
was  generally  used.  Suitable  connectioos  wore  also  made  between 
the  bottoms  of  the  sedimentation  tanks  and  the  sewer.  A  50-galIoD 
barrel  at  the  end  of  the  sewer  line  served  as  a  measuring  tank  for  the 
wash  water  or  the  sludge.  The  rate  of  flow  thru  the  filter  was  re- 
lated at  the  outlet  by  a  standard  orifice,  a  sectional  view  of  which  is 
shown  in  fig.  2.    The  orifice  itself  was  a  trifle  over  seven-sixteenth8 


3  inches 


Vi*i.  2.— Siftlonal  view  of  Htandani  oritico. 


of  an  inch  in  diiuneter.  The  brass  cap  containing  the  orifice  was 
screwed  over  a  nipple  of  I-inch  pipe,  which  was  in  turn  connecited 
with  a  i^-inch  tee.  The  ()p}K)site  side  of  this  tee  was  connected  M-  a 
short  ])ipr  to  the  valve  regulating  the  outflow,  and  a  glass  tube,  fitted 
to  the  upper  opening  of  the  tee,  permitted  the  static  head  on  the 
oriiice  to  be  read  at  any  time.  The  hirg(»  sectional  area  of  the  tee  as 
compared  with  that  of  the  orifice  reduced  the  velocity  of  approach  to 
a  negli«ifiblc  value.  This  d(^vi<e  was  roughly  calibrated  in  the  field  and 
was  suiiMMjuently  carefully  calibrated  by  discharging  into  a  large 
in(»asuring  tank.  The  rough  field  values  were  found  to  be  substan- 
tially correct. 


z  ^ 
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The  rate  of  inflow  to  the  tanks  was  adjusted  to  the  mte  of  filtration 
bv  the  butterfly  valve,  actuated  by  a  float  in  one  of  the  tanks  (not 
shown).  The  filter  was  filled  to  a  depth  of  3  feet  with  clean  16-30 
beach  sand,  i.  e.,  sand  which  will  all  pass  a  screen  with  16  meshes  to 
the  linear  inch  and  be  retained  on  a  screen  with  30  meshes.  The  water 
line  was  18  inches  above  the  surface  of  the  sand. 

The  appearance  of  the  filter  and  sedimentation  tanks  as  they  were 
set  up  is  well  shown  in  PL  II.  PI.  II,  A^  shows  the  sedimentation 
tanks,  the  influent  pipe  and  controlling  valves,  and  the  lever  arm  of 
the  float  operating  the  butterfly  valve.  PI.  II,  B^  shows  the  filter 
itself,  the  loss-of-head  gage,  and  the  connections  with  the  tanks  and 
theaewer.  To  the  extreme  right  is  the  measuring  tank,  and  passing 
between  the  two  tanks  on  the  ground  the  wash-water  pipe  line  can  be 
seen.  The  outlet  of  the  filter  is  hidden  from  view  behind  the  mound 
of  earth  in  the  foreground. 

PRELIMINARY   SEDIMENTATION. 

A  number  of  tests  were  first  made  to  determine  the  rate  of  change 
in  the  loss  of  head  during  filtration  with  varying  periods  of  prelimi- 
nary sedimentation.  A  uniform  rate  of  filtration  of  3.25  gallons  per 
minute,  equivalent  to  a  rate  of  100,000,000  gallons  per  acre  per  day, 
was  maintained.  The  capacity  of  each  of  the  sedimentation  tanks  was 
300  gallons  to  the  ovei*flow  line,  so  that  one  tank  alone  gave  a  mean 
storage  capacity  of  one  and  one-half  hours  and  the  two  tanks  taken 
together  three  hours.  During  the  first  series  of  tests  both  sedimenta- 
tion tanks  were  used.  The  following  table  shows  the  relation  of  loss 
of  head  to  the  quantity  of  water  filtered,  the  run  in  question  being  a 
fair  average  of  the  five  made  in  this  way.  The  results  of  all  the  five 
tests  were  practically  identical. 

v 
Relation  of  loss  of  hewl  to  quantity  of  water  filtered. 


Time. 


>.50i.m.. 
10.05  a.m. 
10.30  a.m. 
1.40  p.m.. 

2p.m 

2.30  p.m.. 

3p.m 

3-30  p.m.. 
4p.m , 


ElapHcd 
time. 

Quantity 
filtered.    ! 

Gallons. 

Ix).s«  of 
head. 

Minuter. 

Inches. 

0 

0 

4 

15 

49 

7 

30 

9S 

H 

55 

178  , 

12 

55 

178  1 

11 

75 

•in  ! 

14 

ia5 

308 

20 

135 

4(.V) 

28 

16.5 

501 

40 

195 

rm 

55 

Between  10.80  a.  m.  and  1.40  p.  m.  test  slmt  down.    No  lifjuor. 

The  maximum  loss  of  head  possible  was  55  inches.  The  moan  re- 
sults from  the  above  and  four  similar  tests  ^ave  5S5  gallons  of  water 
filtered  before  the  loss  of  head  was  total. 
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One  of  the  sedimentation  tanks  was  then  cut  out  of  service  and  tl 
period  of  sedimentation  correspondingly  reduced  to  one  and  one-ha 
hours.  Four  runs  to  determine  the  maximum  amount  which  could  1 
past  under  the  conditions  gave  a  mean  result  of  575  gallons,  in  pra 
tical  agreement  with  that  of  the  first  series.  It  is  apparent  that 
period  of  one  and  one-half  hours  was  sufficient  for  the  removal  of  th: 
portion  of  the  suspended  matter  which  can  be  removed  by  sediment 
tion.  An  examination  of  the  water  during  sedimentation  in  a  glju 
vessel  tended  to  confirm  this  conclusion.  The  suspended  matter  aj 
pears  to  be  of  two  distinct  kinds.  One  is  very  finely  divided  and  ligl 
and  does  not  settle  out  even  on  prolonged  sedimentation.  The  otht 
is  granular  and  hea.vy  and  settles  rapidly  and  completely.  It  was  tm 
convenient  with  the  apparatus  at  hand  to  reduce  further  the  period  c 
sedimentation.  The  laboratory  experiments  quoted  earlier  in  th 
paper  indicated  that  a  period  of  one  hour  would  accomplish  practical] 
the  same  result  as  more  prolonged  sedimentation. 

AMOUNT  OK   WA8II    WATER. 

The  pressure  on  the  wiish-wator  pipe  line  was  sufficient  to  give  a 
upward  flow  thru  the  filter  of  25  gallons  per  minute,  or  about  12  ^ 
Ions  per  minute  per  square  foot  of  surface.  In  practise,  flows  of  8  t 
10  gallons  per  square  foot  per  minute  were  used.  After  each  of  tl 
test  runs  just  destaibod,  the  filter  was  washt  with  an  amount  of  watc 
varying  from  50  to  100  gallons  for  two  and  one-half  to  five  minute 
the  wash  water  being  caiefully  measured.  Observations  of  the  su 
face  of  the  filter  showed  plainly  that  the  shorter  period  of  washin 
was  suflicient  and  that  the  longer  periods  did  not  in  any  case  inerciv.'- 
the  (juantity  filtered  during  the  succeeding  run.  The  materia 
deposited  on  the  surface  was  exceedingly  light  and  finely  divided  an 
required  but  litth*  w^ater  for  its  removal.  The  stirring  device  use 
was  not  well  adapted  to  the  purpose*,  s'mcv.  there  was  little  penetratic 
of  the  sand  by  tho  suspended  material.  An  air  blast  or  some  devi^ 
which  would  thoroly  agitjite  the  surfaces  before  washing  won 
undoubtedly  make  possible  the  use  of  still  less  wash  water.  AUowii 
50  gallons  for  each  wash,  with  an  average  (juantity  of  575  gallons  p 
run  filtei-ed,  gives  a  little  less  than  9  per  cent  wash  water. 

The  loss  of  head  in  these  tests  bears  out  a  fact  of  general  observ 
tion,  that  the  loss  of  head  increases  at  a  fairly  constant  rate  durii 
the  run.  Such  l)eing  the  case,  it  is  quite  evident  that  with  a  deep 
filter  the  quantity  filtered  l^etween  washings  would  be  j)roportionate 
increased.  The  amount  of  wash  watcM*  would,  on  the  other  ban 
remain  constant  or  incn^ase  but  slightly.  It  is  therefore  safe  to  s; 
that  with  a  filter  having  an  available  loss  of  head  of  9  to  12  feet  i 
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average  nm  of  six  hours  or  more  could  be  maintsi'mcd  and  the  amount 
of  wash  water  could  l)e  reduced  to  less  than  5  per  cent. 

DISPOSAL   OF    WASH    WATER. 

The  proce.S8,  as  thus  far  described,  is  merely  one  of  concentration 
of  the  suspended  matter.  If  the  above  estimate- of  5  per  cent  of  wash 
water  be  corre<5t  and  the  filtered  water  be  used  for  washing,  the  net 
result  of  the  process  would  be  the  separation  of  95  per  cent  of  the 
water  in  comparatively  clean  form,  leaving  the  total  suspended 
impurity  in  the  remaining  5  per  cent  of  the  water.  This  water  might 
bespread  upon  a  small  area  of  land  to  evaporate,  it  might  be  evapo- 
rated by  artificial  means,  or,  if  preferable,  it  might  be  filter  prest; 
hut  the  most  economical  wa}"  to  dispose  of  it  is  to  return  it  directly 
to  the  sedimentation  tanks.  The  material  on  the  filter  is  so  prest 
together  into  small  lumps  that  it  settles  rapidl3\  The  problem  of  the 
ultimate  disposal  of  the  sludge  from  the  tanks  will  be  taken  up  in 
another  place. 

CHARACTER  OF   EFFLITENT. 

Complete  chemical  analyses  of  the  waters  before  and  after  treat- 
Dient  during  these  experiments  wore  neither  desirable  nor  feasible. 
The  determination  of  the  total  organic  solids  contained  in  the  waters 
J«the  only  analytical  determination  which  would  be  of  service  in  esti- 
inating  the  efficiency  of  the  process.  This  determination  might  have 
been  made  by  the  usual  indirect  method,  i.  e.,  by  the  difference 
*>etween  the  total  and  the  fixt  or  mineral  solids.  That  determination 
^•S  however,  not  well  adapted  to  field  conditions,  and  small  changes' 
Jn  the  organic  content  would  be  entirely  mtusked  l>y  the  relatively 
large  amount  of  mineral  residue  present.  It  was  found  in  the  labora- 
tory studies  on  the  waste  liquor  that  estimating  the  efficiency  of  the 
various  precipitation  methods  on  the  basis  of  this  organic-solids  deter- 
inination  and  also  on  the  basis  of  the  oxygen-consumed  method  gave 
practicjilly  the  same  results.  In  other  words,  the  organi(*  matter 
present  is  fairly  homogeneous  in  character,  as  might  well  be  expected, 
and  the  oxygen-consumed  figures,  altlio  purely  relative,  are  therefore 
a  reliable  measure  of  the  amount  of  organic  matter  present.  This 
test,  therefore,  and  the  determination  of  the  turbidity,  or  suspended 

M)]ids,  by  the  well-known  Jackson  turbidimeter  method,  were  used 
in  this  work  to  determine  the  (jUJintity  of  th(»  organic  and  the  sus- 

I)ended  matter,  respectively. 
During  the  two  three-hour  runs  sam])les  for  analysis  were  collected 

every  ten  minutes  from  tlu^  raw  liquor,  sediinented  licjuor,  and  final 

effluent,  the  small  samples  h(nng  mixt  together  to  obtain  an  average 
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sample  for  the  run.     In  both  cases  the  rate  was  maintained  at  3.25 
gallons  per  minute.     The  following  data  of  the  test  were  obtained: 


Data  from  test  run  of  filter. 


Teat  No. 

Duration. 

LoMofhead. 

quantity 
filtered. 

Initial. 

Pinal. 

7 

Hours. 
2.9 
3 

Inches. 
4 
8 

Inches. 
55 
65 

GaOons. 
S66 

8 

665 

The  chemical  analyses  for  the  two  sets  were  very  similar, 
lowing  table  shows  the  mean  values  obtained: 

Analyses  of  raw  liquor y  settled  liquor,  and  effluent. 


The  fol- 


Oxygen  consumed: 

Total 

Dissolved 

Suspended 

Suspended  solids 


Raw  liquor. 


Oxygen  consumed: 

Total 

Dissolved 

Suspended 

Suspended  solids 


Sealed  liquor. 


Oxygen  consumed: 

Total 

Dissolved 

Susf)ended 

Suspended  ^olids. . . 


Effluent. 


Parts  per  Percent 
million,  removed. 


9,400 

2,000 

7,400 

28,000 


I 


6,200 
1,600 
4.600 
4,400 


2,200 

1,700 

500 

575 


84 

20 
88 
84 


77 
16 
98 


The  appearance  of  the  effluent  frequently  changed  materially  dur- 
ing the  run.  Contrary  to  expectations  and  general  experience,  the 
best  effluent  was  always  obtained  during  the  early  part  of  the  run. 
The  very  first  portions  of  effluent  were  generally  slightly  turbid, 
after  which  a  ])erfectl3^  clear  water  came  thru,  as  a  rule,  entirely  free 
from  suspended  matter.  This  state  of  affairs  continued  until  the  loss 
of  head  had  reached  about  0  or  8  inches,  when  the  effluent  suddenly 
became  tui})i(l  and  continued  so  uniformly  until  the  end.  The  infer- 
ence was  that  under  a  tension  or  pull  on  the  surface  film  represented 
})y  about  6  to  8  inches  of  head  the  finely  divided  matter  contained  in 
the  licjuor  was  pulled  thru  the  surface  and  then  thru  the  filter.  It 
was  thought  that  if  this  should  be  a  correct  interpretation  of  the  phe- 
nomenon, it  might  be  obviated  in  one  of  two  ways — bj^  increasing  the 
toughness  of  the  surface  deposit,  or  !)}"  decreasing  the  size  of  the  sand 
pores  by  use  of  a  layer  of  finer  material  on  the  surface.  Both  of 
these  methods  were  tried. 


CHARACTER   OF    EFFLUENT. 
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To  increase  the  density  and  toughness  of  the  surface  film  the  sur- 
face was  covered  with  liquor,  the  outlet  being  closed,  and  2  ounces  of 
sulfate  of  aluminum  were  added  and  stirred  in.  Fifteen  minutes 
were  allowed  for  the  formation  and  settling  of  the  precipitate,  and  the 
filter  was  then  started.     The  following  data  were  obtained: 

Data  of  test  run  offiUer  after  addition  of  alum. 

Duration  of  run hours. .  1. 9 

Loes  of  head: 

Initial inches..  14 

Final do 55 

Quantity  filtered gallons. .  370 

The  chemical  analyses  resulted  as  follows: 
^-tnalyses  of  raw  liquor ^  of  settled  liquor ^  and  of  effluent  after  the  addition  of  alum. 


Parta  per 
mllllou. 

Per  cent 
removed. 

Oxyren  consumed: 

Total 

Raw  liquor. 

9,000 

1,600 

7.400 

27,800 

6,000 
1,600 
4,400 
4,500 

1,800 

1,600 

200 

450 

Dlaeolved        

Suspended -- 

Suspended  BOlidM 

Oxygen  consumed: 

Total 

SetOed  liqwtr. 

33 

Dissolved 

6 

Suflpended 

40 

SogpenSed  solids 

84 

^^reen  consumed: 

Total 

i;fflu€nt. 

80 

I>i8solved    .  ...^ 

0 

Suspended 

98 

*»pended  solids 

98 

The  improvement  of  this  effluent  over  that  obtained  without  a 
coagulant  is  decided,  but  is  hardly  sufficient  to  warrant  the  extra  cost 
of  treatment.     Previous  studies  had  shown  that  it  was  necessary  to 
«dd  to  the  volume  of  waste  on  the  surface  of  the  filter  at  least  2  ounces 
of  alum  in  order  to  bring  alwut  a  satisfactory  precipitation  of  the 
lime.    Any  less  amount  would  not  have  produced  a  satisfactory  pre- 
cipitation in  a  short  time.     The  total  quantity  filtered  during  the  run 
was  370  gallons.     This  gives  an  amount  of  sulfate  equal  to  a  little  over 
2  grains  per  gallon  for  the  entire  run,  or  a  consumption  of  300  pounds 
of  alum  per  million  gallons.     At  a  cost  of  1  cent  per  pound  (based  on 
net  weight  of  sulfate  of  aluminum  in  the  crude  compound)  this  would 
amount  to  $3  per  million  gallons  of  waste,  or  10  cents  per  ton  of 
finished  board.     This  additional  cost  for  chemicals,  together  with  the 
slightly  additional  expenditure  for  labor  and  water  required  by  more 
frequent  washing,  would  not  seem  to  be  justiticd  in  general  by  the 
slightly  increased  purit}^  of  the  etHuent.     The  results  are  given  here 
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and  the  cost  estiiimtod  as  a  matter  of  rex*ord  and  in  order  to  show  wb*^ 
could  be  ac<*ompIisbed  by  the  process  if  it  were  deemed  desirable  ^^^ 
an}^  special  case. 

The  second  plan  for  preventing  the  small  suspended  particles  in  th^ 
liquor  })eing  drawn  thru  the  surface  was  to  use  a  surface  layer  of  fii^^ 
sand.  A  suit^ible  grade  of  sand  was  obtained  locally  and  screen^^ 
thru  a  No.  20  screen.  The  sand  thus  prepared  contained  a  consid' 
erablo  amount  of  rather  tine  matei*al.  Mechanical  analysis  showc*^ 
that  it  had  an  eflfectivo  size  of  0.2(>  mm.  and  a  uniformity  coefficie^^* 
of  2.0. 

A  (>-inch  layer  of  the  sand  was  placed  on  the  top  of  the  filter  ar 
washt.  After  washing,  the  surface  was  examined  and  found  to  coi 
sist  of  a  well-mixt  laj^er  of  coarse  and  tine  material.  Two  runs  wei 
made  with  the  filter  as  thus  prepared.  The  following  are  the  averag 
data  obtained: 

I)(tta  of  tfst  mm  of  filter  affer  culdiiion  of  fine  sand. 

Duration  of  run houra. .  2. 3 

Loss  of  head : 

Initial inches. .  6 

Final do 55 

Quantity  filtered gallons. .  449 

The  appearance  of  these  eflluonts  was  such  that  chemical  analyi 
were  not  made.     They  were  essentially  like  the  others,  and  there  w«^* 

no  advantage  in  the  use  of  the  layer  of  fine  sand  which  could  in  an . 

way  offset  the  obvious  disadvantage  of  the  much  shorter  run. 

THK  sLriH;K. 

Amount  and  romposifi/)?}, — Thruout  the  experiments,  except  for  th^^ 
first  few  runs,  th(^.  dirty  wash  waUn-  from  tlie  filter  was  run  back  int<^ 
the  sedimentation  tanks.  Kvc^ntually,  therefore,  all  the  material 
removed  from  thi^  waste  licjuor  was  accunmlated  in  the  bottom  of  these 
tanks.  At  the  conclusion  of  the  experiments  which  consisted  alto- 
gether of  12  runs,  dealing  with  a  total  of  4,900  gallons  of  the  waste, 
the  li(|Uor  was  drawn  off  from  the  tanks  as  far  as  possible  and  the 
depth  of  accumulated  sludge  and  remaining  liijuor  was  measured.  The 
average  dc^pth  was  found  to  b(».  0  inches.  After  thoro  mixing  a  sample 
of  the  sludge  wiLs  collected  and  allowed  to  stiuid  in  a  glass  cylinder  for 
two  hours.  From  a  column  of  sludg(»  12  inches  in  depth  a  2-inch  layer 
of  clear  licjuid  separated  at  the  top,  leaving  the  depth  of  sludge  on  the 
bottom  10  inches.  Therefore  the  (J  inches  of  sludge  and  liquor  left  in 
the  tank  was  composed  of  5  inches  of  sludge  and  1  inch  of  water,  so 
that  5  inches  represents  very  closely  the  average  depth  of  sludge  in 
each  tank  and  will  be  used  in  the  calculations  which  follow. 
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Analysis  of  the  sludge  gave  the  following  results: 

I* 

[  AnaltjmM  of  dudge  rerndting  from  filirnUon  of  slrawttoard  waste. 

\  Specific  gravity 1.094 

'  Total  solids '. per  cent. .  19. 4 

Volatile do....  9.8 

Fixt do 9. 6 

From  these  data  the  following  results  are  obtained: 

Sludge  in  tank • gallons..      178 

Liquor  treated do 4, 900 

Per  cent  of  sludge  (by  volume) 1.6 

From  1,(X)(),000  gallons  of  waste  there  will  be  obtained— 

Sludge cubic  yards. .  79 

Dry  solids pounds. .  28, 000 

Organic  solids do....  14,100 

Mineral  solids do 13, 900 

For  each  ton  of  strawboard  there  will  be  produced — 

Sludge cubic  yards. .        4.  7 

Dry  solids pounds. .     1, 680 

A.  glance  at  PI.  I,  Ji^  will  indicate  what  these  figures  mean.  The 
pites  of  straw  there  shown  represent  three  months'  supply  for  a 
mill  producing  30  tons  of  board  per  day.  Over  one-third  of  the  total 
weight  of  this  straw  will  appear  in  the  waste  liquor. 

Properties  and  uses  of  live  shtdge, — As  is  indicated  by  the  analysis, 
the  sludge  is  a  thick  mud.  It  is  dark  muddy  brown  in  color,  and  has 
the  odor  of  straw.  On  exposure  to  the  air  it  dries  much  more  rapidly 
than  would  be  expected,  owing  largely  to  the  action  of  the  air  on  the 
free  lime.  If  allowed  to  dry  in  a  mold,  the  resulting  cast  comes  away 
clear  and  has  taken  a  very  clean  impression  of  the  mold.  It  is  very 
brittle  })y  itself.  If,  however,  a  little  paper  fiber  be  mixt  with  it 
before  drying,  the  dry  cast  is  fairly  tough.  Such  a  mixture  could 
undoubtedly  be  used  in  many  places  as  a  cheap  substitute  for  papier- 
mach^. 

The  dry  product  had  a  specific  gravitv  of  0.62.     It  will  readily 

absorb  considerably  more  than  its  own  weight  of  water.     Its  porous 

nature  suggests  its  use  as  a  heat  insulator,  particularly  in  refrigerators. 

This  material  possesses  a  certain  value  as  a  fertilizer.     It  contains 

a  considerable  proportion  of  calcium  carbonate,  a  substance  })eneticial 

to  cultivated  land.     It  also  contains  0.84  })er  cent  of  phosphoric  acid 

in  an  available  form.     Its  loose,  ])orous  nature  makes  it  particularly 

valuable  for  use  on  clay  land,  as  such  land  is  made  nuich  more  porous 

h\  it  and  at  the  same  time  i^  suiHcieiitly  fine  to  rotiiin  the  moisture  well. 

This  point  was  well  brou^^ht  out  on  examining  one  of  the  abandoned 

settling  Imsins.     This  basin  had  originally  been  diked  up  about  6  feet 
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above  the  surrounding  fields,  and  had  subsequently  been  completely 
filled  with  the  sludge,  On  digging  into  this  deposit,  standing  water 
was  observed  at  a  depth  of  less  than  2  feet  below  the  surface,  altho 
the  ground- water  level  in  the  adjacent  fields,  was  at  least  6  feet  lower 
and  the  field  had  not  been  flooded  for  over  a  year. 

Some  experiments  have  been  made  with  this  solid  residue  as  a  base 
for  the  production  of  a  sulfur  dye.  Fusion  of  the  substance  with 
twice  its  weight  of  a  mixture  of  one  part  of  sulfur  and  two  of  sodium 
sulfide  yields  a  mass  containing  a  considerable  proportion,  perhaps 
20  per  cent,  of  a  brown  sulfur  dye.  Purification  of  the  resulting  dye 
from  the  mass  of  inert  material  was  not  attempted,  and  further  study 
is  required  to  determine  the  most  satisfactory  procedure  for  the  prepa- 
ration and  purification  of  this  dye,  but  enough  has  been  done  to  indi- 
cate that  a  low-grade  sulfur  dye  can  be  made  from  this  waste  material. 
It  dyes  unmordanted  cotton  a  good  warm  shade  of  brown,  is  fast  to 
hot  soap  and  to  sunlight,  and  compares  favorably  in  color  and  fastness 
with  dyes  on  the  market  selling  at  15  cents  per  pound. 

Considerable  attention  has  been  given  to  the  problem  of  finding 
profitable  use  for  the  residual  organic  matter  which  is  the  end  product 
of  the  filtration  processes  here  recommended.     Altho  the  satisfactory 
solution  of  this  problem  would  be  highly  desirable  and  would  at  once 
assure  the  treatment  of  all  strawboard  waste  liquors,  it  must  be  remem- 
bered  that  this  is  merely  a  question  incidental  to  the  main  problem. 
It  is  believed  that  the  process  of  sedimentation,  followed  by  mechan- 
ical filtration,  essentially  as  described,  furnishes  by  itself  a  solution  of 
that  problem  which  will  prove  of  financial  advantage  to  the  manu- 
facturers and  of  lasting  benefit  to  all  who  have  an  interest  in  the  purity 
of  the  streams  below.     It  was  therefore  not  deemed  pertinent  to  the 
present  investigation  to  pursue  further  the  question  of  the  utilization 
of  the  sludge.     The  suggestions  here  given,  and  particularly  that  in 
regard  to  the*  preparation  of  a  dye,  are  merely  intended  to  indicate 
the  direction  in  whicli,  accordmg  to  the  writer's  views,  future  research 
would  bring  results  of  value. 

RESUME   OF    MKTnoI)   OK  TREATMENT. 

The  following  plan  of  treatment  is  recomnumded:  The  waste  water 
from  the  l)eiiters  should  be  past  thru  a  properly  designed  settling  tank 
of  such  size  that  it  will  give  a  period  of  about  one  hour's  storage.  A 
tank  })uilt  on  the  principle  of  the  Dortnuind  tank  would  be  preferable 
to  any  other,  owing  to  its  compactness  and  the  possibility  of  continu- 
ous use.  The  tank  should  have  a  capacity  of  approximately  1,200 
gallons  for  each  ton  of  board  produced  per  day  by  the  mill. 

The  water  should  pass  from  the  tank  directly  to  the  filters,  which 
should  be  built  in  small  units.  The  filters  should  have  an  available 
loss  of  head  of  at  least  12  feet,  and  could  be  run  at  a  rate  of  100,000,(H)0 


-  i 

r 

:ti.* 


METHOD    OF   TREATMENT.  27 


gallons  per  aiTe  per  day.  This  would  necessitate  a  filter  area  of 
approximately  16  square  feet  per  ton  of  board  produced  daily.  This 
figure  allows  10  per  cent  excess  for  repairs  and  washing. 

The  effluent  should  be  pumped  and  used  again  for  washing  the  filter 
and  for  beater  wash  water.  It  would  at  all  times  contain  less  impu- 
rity than  does  the  very  last  water  past  from  the  beaters  and  its  use 
during  the  early  part  of  the  washing  process  could  do  no  possible 
hann.  To  insure  a  proper  washing  out  of  the  last  of  the  lime  from 
the  stock  it  would  probably  be  found  necessary  to  complete  the  wash- 
ing with  fresh  water.  In  any  case  a  saving  of  one-half  to  two-thirds 
of  the  amount  of  wash  water  now  used  could  be  realized,  the  amount 
of  waste  liquor  being  correspondingly  reduced.  The  water  used  in 
washing  the  filter  should  be  returned  to  the  sedimentation  tank  and 
^^1    would  require  no  further  treatment. 

The  sludge  from  the  sedimentation  tank  could  be  most  expedi- 
tiously dealt  with  by  filter  pressing.  There  would  remain  a  fairly 
dry  and  hard  press  cake,  which  would  require  disposal  unless  some 
profitable  use  for  it  be  found.  Under  the  influence  of  the  air  and 
sun  this  material  is  speedily  resolved  into  mineral  matter,  forming  a 
Bort  of  soil.  It  could  be  spread  upon  low  land  in  thin  layers  and 
would  then  take  care  of  itself. 

Instead  of  being  filter  prest,  the  sludge  might  be  discharged  upon 
small  areas  of  sandy  soil  where  such  are  available  or  even  upon  some- 
what larger  areas  of  less  porous  soil,  and  allowed  to  dry  out  by  drain- 
ing and  evaporation.  The  dry  layer  of  sludge  could  then  be  removed 
and  disposed  of.  No  accumulation  of  the  wet  material  should  be 
allowed.  When  once  dried  out  and  su})jected  to  the  action  of  the 
sunlight  and  air  it  soon  becomes  harmless,  but  in  deep  beds  and  con- 
stantly covered  with  water  it  is  subject  to  all  the  offensive  putrefaction 
described  in  the  case  of  the  sedimentation  fields.  This  process  of  spon- 
taneous draining  and  drying  out  would  prolmbh'  1x5  found  the  cheaper, 
but  would  require  a  considerable  area  of  suitable  land  and  would 
also  involve  more  careful  supervision.  The  amount  of  land  required 
would  depend  wholly  on  the  quality  of  the  dminage.  Yov  average 
conditions  it  may  be  roughly  estimated  at  1,000  s(|uaro  feet  per  ton  of 
board  produced  by  the  mill  daily.  The  dried  sludge  would  require 
removal  before  the  application  of  mon?  sludge. 

CHARACTER   OF   WASTE    WATER    APTEH  TKEATMKNT. 

The  quality  of  the  effluent  from  the  proposed  process  is  not  all  that 
could  be  desired.  In  spite  of  the  fact  that  it  is  possible  to  remove  over 
90  per  cent  of  the  suspended  organic  matter  piosent  in  the  liciuor  the 
resulting  eflluent  is  still  putrescihle.  That  is,  ii  bottle  of  the  liquor 
shut  up  air-tight  and  kept  at  a  warm  temperature  will  in  the  course  of 
a  few  days  undergo  putrefactive  fermentation.     The  putrefaction  is 
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mther  slow,  however,  and  not  offonsivo.  In  admixture  with  an  ^ 
vohune  of  bip  water  the  effluent  does  not  putrefy  even  when  in 
lated  with  a  small  amount  of  sewage. 

The  fact  that  the  effluent  is  practically  free  from  gross  suspe 
solids — that  is,  solids  which  will  settle  out  on  the  bed  of  the  strean 
of  greater  significance  than  the  analytical  data.  As  was  pointec 
in  the  earlier  discussion  of  the  problem  (p.  8),  by  far  the  gn 
part  of  the  damage  done  to  the  polluted  streams  is  brought  aboi] 
the  deposit  of  material  in  the  stream  beds.  The  effluent  whicl 
past  the  treatment  here  outlined  will  contain  no  material  c*apab 
settling  out  even  in  slack  water. 

The  conclusion  is  therefore  justified  that  the  discharge  of  this  efl 
into  a  stream  whose  minimum  flow  equals  in  volume  the  flow 
the  mill  would  not  produce  a  nuisance.  With  no  allowance 
possible  diminution  of  the  amount  of  w^ash  water,  if  used  as  sugg 
above,  this  means  that  the  minimum  stream  flow  must  be  at  least 
cubic  foot  per  second  per  ton  of  board  produced  daily  at  the  mil] 
minimum  flow  of  0.1  cubic  foot  per  second  per  daily  ton  would  t 
fore  provide  for  a  generous  factor  of  safety  if  the  stream  is  re 
a})ly  unpolluted  at  the  point  of  discharge. 

The  discharge  of  such  an  effluent  into  a  stream  highly  ]>ol luted 
sewage  would  probably  be  accompanied  by  an  aggravation  of  tho 
ditions  already  existing.  There  would,  as  usual,  be  a  precipitati 
the  sewage  material  by  the  lime  of  t  he  effluent.  In  all  fairness  it  < 
be  maintained  that  the  organic  matter  of  ilw  effluent  was  not  conti 
ing  to  the  nuisance.  If,  therefore,  it  should  be  decided  that  the 
tion  of  lime  to  a  sewage-polluted  stream  constitutes  a  nuisance,  fu 
treatment  of  the  (Affluent  would  be  required  to  remove  this  caustic 
If,  on  the  other  hand,  as  would  seem  to  })e  reasonable,  it  should  aj 
that  the  real  pollution  of  th(»  stn^am  lay  in  the  sewage  and  th(»  lim 
incidental  and  was  there  by  right,  then^  would  be  no  reason  for 
further  treatment. 

COST   OK   THE    PUnCESS. 

The  cost  of  the  ])rocess  reconuni^iKhHl  can  not  be  discnst  in  det 
this  time.  It  would  bo  largely  the  cost  of  installation.  The  d 
and  construction  of  a  suitiible  ])lant  retjuire  expert  attention  an 
cost  of  the  plant  would  depend  somewhat  on  local  conditions.  Th< 
of  maintenance  would  be  slight.  The  cost  of  additional  pumpii 
supply  wash  water— say  ;*>  per  cent  more  than  the  present  an 
pumped- can  be  determined  readily.  The  services  of  one  man, 
could  also  jissist  in  the  mill  part  of  the  time,  would  ])e  a  sufficient 
tion  for  running  the  plant.  The?  power  nc^cessjiry  to  pump  the  si 
thru  the  filter  presses,  if  that  plan  were  adoptc^d,  would  not  be  n< 
able  in  comparison  with  the  total  power  used  in  the  mill.     If  the  si 
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lisposed  of  by  the  other  plan,  evaporation  and  drying  in  the  field, 
rvices  of  another  man  would  be  required. 

conclusion,  the  following  summary  of  the  chief  pointa  of  the 
it  paper  ma}-  be  made: 

SUMMARY. 

present  method  employed  for  the  trejjtment  of  strawboard  waste 

that  of  sedimentation  in  large  fields,  is  unsatisfactory  and 
ive  and  proceeds  on  a  wrong  principle. 

Hltration  of  the  liquor  thru  sand,  so-called  mechanical  filtration, 
Lhout  coagulants,  after  a  short  period  of  sedimentation   will 

93  per  cent  of  the  suspended  organic  solids  and  1)8  per  cent  of 
il  suspended  matter  determined  as  turbidity, 
al  experiments  have  shown  that  the  resulting  effluent  can  be 
ged  into  an  equal  volume  of  reasonably  pure  water  without 
^  a  nuisance.  In  particular,  there  will  be  no  sedimentation 
mic  matter.     M  its  discharge  into  a  seriously  polluted  stream 

bring  about  precipitation  of  sewage  matter  and  consequent 
•e,  the  blame  should  in  all  equity  be  fixt  on  those  contributing 
age. 

Judge  resulting  from  the  sedimentation  tanks,  after  pressing  or 
leous  drying,  is  innocuous  and  makes  good  soil.  It  has  some 
s  a  fertilizer  and  is  particularly  valuable  to  mix  with  the  clay 

the  Middle  West  to  render  them  more  porous.     Other  uses  for 
iterial  are  suggested,  but  they  re(juire  further  study, 
cost  of  the  entire  process  is  sufficiently  low  to  admit  of  itsadop- 
berever  stream  pollution  is  serious. 
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Jirazos  County 

Madij'(.)n  County 1 

I^OM  County 

Frci'stone  County 

Houston  County 

Anderson  County 

Limestone  County 

Cherokee,  Trinity,  Angelina,  San  Augustine,  an<i  Sabine  counties. 

Nacogdoches  County 

Shell )y,  I^anola,  and  Rusk  counties 

Van  Zan<lt  and  Iliiins  counties 

Smith  County 

Wood  and  (Jregg  counties 

Upshur  County 

Harrison  County 

Marion  County 


ILLUSTRATIONS, 


Pi 
Plate  I.  .4,  A  typical  artesian  well  in  the  Texas  Coastal  Plain;  J^,  Artesian 

well  4  miles  south  of  Pearsall,  Tex 

^11.  Map  showing  location  of  artesian  wells  in  the  Texas  Coastal  Plain. . . 
III.  Artesian  wells  in  Rio  Grande  embayment 
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liNDERGROUND  WATERS  OF  THE  COASTAL 
PLAIN  OF  TEXAS. 


Bv  T.  r.  Taym>r. 


INTRODUCTION. 

-4rfti  covered. — ^Thc  region  to  which  this  report  relates  inchides  the 

Scaler  part  of  the  Coastal  Plain  of  Texas.     It  comprises  an  area 

**^>iit  150  miles  wide,  borderin<^  the  coast  and  extending;  across  tlie 

^^'^ tire  State.     According  to  R.  T.  Hill's  classification  it  includes  the 

^<4stem"  and  ''southern"  provinces,  and  it  is  bordered  on  the  west, 

f^^^tn  Del  Rio  to  Colorado  River,  by  the  '* Edwards  Plateau,"  and, 

^^tu  the  Colorado  River  to  the  Arkansas  State  line,  by  the  "Black 

*^^irie."     It  includes  the  district  King  between  the  coast  and  a  line 

S.*^^necting  Texarkana  with  Del  Rio,   t]irough  Cooper,  Greenville, 

^  *^icana,  Cameron,  Elgin,  and  San  Antonio,  an  area  of  about  75,()()() 

^  I  Vaare  miles. 

'^ofwrces  of  data. — ^The  information  on  which  this  report  is  based  has 

^^^»n  obtained  partly  by  personal  visits  to  the  various  localities  and 

P^=^  ^ly  by  correspondence.     Infonnation  has  been  fiiniished  by  the 

,^* lowing  persons:  B.  M.  Haberer,  C.  V.  II.  von  Bludier,  Randolph 

^^^^bertson,  F.  W.  Simonds,  H.  W.  Harper,  Ira  H.  Evans.  Rudolph 

^^^berg,  T.  J.  Lyne,  G.  Wamicke,  R.  I).  Parker,  ().  M.  Ball,  Garland 

filler,  A.  W.  Seeligson,  J.  B.  Armstrong,  J.  L.  Ladd,  Travis  L.  Smith, 

^  -   D.  Dorchester,  Geo.  C.  Herman,  Geo.  J.  McManus,  J.  E.  Broussard, 

""^d  J.  W.  Sanders.     The  writer  is  also  indel>ted  to  Mr.  E.  T.  l)uml)le, 

**^YTiier  State  geologist  of  Texas,  for  jnuch  valuable  information. 

GEOGRAPHY  OF  THE  KEGIOX. 

Oeneral  statement. — The  Coastal  Plain  of  Texas  is  a  continuation  of 
^V  Atlantic  Coastal  Plain  to  the  east,  althou<]:h  in  many  features  it 
differs  from  that  area.  In  general  it  consists  of  a  gently  slopin*^  |)lain, 
^tending  from  a  high  or  mountainous  background  to  the  Gulf.  In 
file  eastern  part  of  Texas  the  Coastal  Plain  has  the  ^reneral  character 
seen  in  other  Southern  States,  but  in  its  southwestern  extension  it 
iecomes  more  or  less  modified,  widenin;;  to  tlie  southwest   in  the 
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vicinity  of  the  Rio  Grande  where  there  is  a  great  embayment  sin 
to  that  of  Mississippi  River.    South  of  Colorado  River  there  is  a  \ 
defined  interior  border  to  the  Coastal  Plain,  but  to  the  north  of 
stream  the  transition  between  the  level  and  hilly  lands  is  gn*adua 

Topografhy. — ^The  topography  of  the  Texas  Coastal  Plain  j)reN 
little  variety.  The  surface  rises  gradually  from  the  sea  level  at 
coast  to  an  elevation  of  800  to  1,000  feet  along  the  interior  man^'i 
the  province.  The  portion  of  the  plain  bordering  the  coast  is  cl 
acterized  by  a  very  level  surf  ace  which,  throughout  extensive  area 
scarcely  broken,  except  by  a  few  shallow  drainage  ways.  The  hitrl 
land  along  the  coast  is  at  Corpus  Christi,  where  the  bluffs  rise  to  40 1  < 
feet  above  sea  level.  Toward  the  interior  the  surface  of  the  ]) 
becomes  more  diversified,  developing  into  rolling  hills  which  iiicn 
in  number  and  prominence  toward  the  western  margin  of  the  ])r(>vii 

Drainage. — ^The  Texas  Coastal  Plain  is  traversed  by  many  strou 
The  largest  of  these  are  the  Neches,  Trinity,.  Brazos,  Colorado,  \ 
Nueces  rivers.  Of  all  these  streams  only  the  Brazos  enters  the  ( 
directly,  the  others  emptying  into  lagoons  or  bays.  South  of 
Nueces  the  drainage  is  not  completely  developed  and  the  entire  a 
between  this  stream  and  the  Rio  Grande  contains  only  two  sr 
creeks,  the  San  Fernando  and  Olmos,  which  unite  to  form  Cap 
Bay.  The  larger  streams  of  the  area  are  generally  narrow  and  d< 
with  feeble  currents.  Nev  the  shore  many  of  them  expand  i 
broad,  shallow  lakes  entering  the  Gulf  through  shallow  bays.  W 
there  are  many  streams  in  the  Texas  Coastal  Plain,  much  of  its  siiri 
is  ]>t)()rly  drained,  and  in  places  water  stands  in  lakes  or  ponds  tlirou 
out  the  year. 

GEOL(X}y. 

Tlie  Texas  Coastal  Plain  is  developed  on  a  great  thickne^ss  of 
rocks,  sands,  gravel,  clays,  and  loams  in  general  spread  in  thin 
more  or  less  extensive  beds  which  dip  very  gently  to  the  east.  Tl 
sediments  have  a  thickness  of  several  thousand  feet  and  are  comp( 
of  alternating  porous  and  impervHous  members,  producing  i< 
artesian  ctmditions.  Over  the  greater  part  of  the  area  the  rocks 
of  Tertiary  age,  but  along  the  interior  border  I'pper  Cretaceous .*? 
jnents  aj)pear. 

UNDERGROUND  WATERS,  BY  (WTNTIES. 

General  ^toffWfwY.— During  recent  years  the  underground-w 
resources  of  the  Texas  Coastal  Plain  have  become  of  consider; 
ec(momic  importance.  Ground  water,  which  is  usually  abunc 
throughout  the  district,  has  been  used  for  many  years  for  gen 
domestic  purposes,  and  small  irrigation  plants  in  a  few  instances  1 
derived  their  water  supply  from  this  source.     Within  recent  y 
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artesian  wells  have  been  obtained  in  various  parts  of  the  region. 
!H)me  of  these  furnish  flows  adequate  for  considerable  irrigation. 
Three  of  the  larger  cities  in  the  region,  Houston,  Galveston,  and  San 
:Vntonio,  derive  their  entire  city  water  supply  from  artesian  sources. 
:Vt  Houston  the  city  water  is  supplied  by  60  flo^^dng  wells,  while  at 
Rah^eston  and  San  Antonio  15  and  30  wells,  respectively,  furnish  the 
reciuired  amounts.  In  the  vicinity  of  El  Campo,  C-hesterville,  and 
East  Bernard  shallow  artesian  wells  are  employed  to  a  considerable 
extent  for  rice  irrigation,  especially  where  small  crops  are  raised.  In 
the  vicinity  ol  Webster,  in  the  southern  part  of  Harris  County,  the 
flow  of  several  ordinarj^  surface  wells  has  been  increased,  by  pumping, 
to  such  an  extent  as  to  furnish  water  for  the  irrigation  of  60  to  100 
acres  of  rice.  The  depth  at  which  artesian  water  may  be  obtained 
in  the  Coastal  Plain  of  Texas  varies  according  to  the  locality.  It 
ranijes  from  a  few  feet  to  over  2,000  feet,  but  the  average  is  about 
600  feet. 

The  amount  of  flow  of  these  wells  varies  from  20  to  1 ,600  gallons  a 
minute.  A  typical  artesian  well  of  this  district  is  shown  in  PI.  I. 
The  water  is  more  or  less  mineralized,  but  with  few  exceptions  the 
dissolved  salts  are  neither  objectionable  for  domestic  purposes  nor 
deleterious  to  plant  growth.  The  general  distribution  of  artesian 
wells  of  the  Coastal  Plain  of  Texas  is  shown  in  PI.  II. 

In  the  following  discussion  the  underground-water  resources  of  the 
region  wall  be  described  by  counties. 

CAMKRON  COirNTTT. 

Shallow  weUs. — ^The  depths  of  the  shallow  wells  of  Cameron  County 
^ary  from  20  to  100  feet,  according  to  the  locality.  Along  the  coast 
Water  can  usually  be  procured  at  depths  of  20  to  30  feet,  but,  owing 
to  the  nearness  of  the  sea,  it  is  generally  salty.  To  the  north,  ahmg 
the  bay,  the  wells  are  somewhat  deeper,  ranging  from  20  to  60  feet, 
and  in  the  western  part  of  the  county  the  deepest  wells  occur,  some 
exceeding  100  feet.  At  Brownsville  and  in  the  immediate  \ncinity 
the  average  depth  of  shallow  wells  is  about  30  feet. 

ArtemmweUs. — Artesian  water  is  now  obtained  in  the  northern  two- 
thirds  of  this  county,  at  depths  which  vary  from  GOO  to  1,200  feet. 
There  are  about  150  flowing  wells  in  the  county.  Tlie  (h)ws  of  tliese 
veils  vary  from  50  to  l,()(h1  gallons  a  minute,  the  average  ])eing  about 
00  gallons.  A  group  of  artesian  wells  in  the  Rio  Grande  embaynient 
•5  shown  in  PL  III  (]>.  6).  The  following  is  a  list  of  artesian  wells  in 
'amenm  County: 
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Artesian  wells  in  Cameron  County. 
THE  KENEDY  PASTURE  COMPANY'S  WELLS. 


Name. 


Driller. 


lix-pthiSf, 


La  Parra Wm.  Tuirotte. . 

Do do 

Do 1 do 

San  Jiian i do 

Abujon ' do 

Moyote i do 

Sacahuista) do 

Eurebi  a do 

Shipping  pa8tun> I do 

Devisaaero i do 

Cobos do 

Palstle ' do 

Sala<la j do 

Corte  Sacate I do 

Mota  del  Diablo do 

Atravesada ;  Ouflfoy  &  Galey . 

Alto I do 

CaaaMott i  White  Bros.... 

Palmito ^ W.  P.  Gano. . . . 

Rami  mz ' do 

Edwin  Mallory do . 


N.  G.  AUen 

Railroad 

Town  site 

...do 

Wm.  Turcotte. 
do 


.do. 


Padre  Alejoa 

Sarita 

Mifflin 

Turcotte 

Snipe 

Esperanza.. 

Barasas 

El  Suspire I do 

LaSaragote I do 

Mujeres i do 

Mesquite  de  Final do 

I*aradino I do 

Tio  Coulas 1 do 

Tecollte I  N.  G.  Allen 

Motto  Negra ,  Wm.  Turcotte. 

Perez '  Tom  l^ary 

W.  P.  Gano 

....do 

...do 

Wm.  Tun^otU^ 

....do 

W.  P.  Gano 

Wm.  Turi'otte. 
do 


Agua  Nogra 

Montidua 

Mestana 

El  Toro 

Repara 

Mayote.No.2.. 
San  Juan.  No.  2 

Tio  Martin 

Pioaoho.  No.  2 ' do 

Mesquite I do 

Lft  Serpa I do 

Miralojos do 

Los  Mojaras I do 

Piciu'ho.  No.  1 [  Tom  Leary . . . 

No  name ■ do 

La  Piodra I  Wm.  Turcotte 

La  Tablome do 

Motta  Pallo do 

Motta  Romendonda do 

Townsito.No.  1 ■  W.  V.  (Jano... 

Townsite,  No.  2 do 

Modeneta do 

La  Muerta do 

Rordos Wm.  Tunotto 

GansoB.No.  1 W.  P.  Gano... 

Gansos.  No.  2 

El  Telfphon '  Wm.  Turcot  Ic 

Railroad  (new  trark) \  W.  P.  Gano . . . 

Loma  Priota Wm.  Timotte 

Courta  Sacate do 


Feet. 
710  I 
825 
890  ! 
1,000 
1,090 
610 


920 
689 
724 
645 
710 
700 
751 
,019 
720 
120 
1.175 
1,035 
1,123 
1,170 
865 
604 
740 
787 
620 
747 
700 
615 


:i  1 


Gal 


750 

917 

892 

890 

1.080 

1.360 

1,125 

1,033 

1,232 

1,025 

1.130 

1.147 

800 

860 

1,155 

750 

617 

862 

760 

1.403 

1.314 

950 

1.000 

(«) 

814 

807 

818 

1.315  , 

843  I 

862  , 

1.234  I 

951  ' 
803  i 
(o) 
757 


o  In  progn;ss. 
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Artesian  wells  in  Cameron  County — Continued. 
LOWER  KING  RANCH. 


Name. 


Driller. 


A.  W.  Ferguson. 

do 

do 

do 

do 

do 

J.C.Curry 

do 

do 


i>op"';S?:a?lf 


Feet. 
530 


747 
382 


,364 
851 
838 
719 


Oallon*. 

70 

12 

200 

75 

35 

60 

300 

300 

50 


MAJ.  J.  n.  ARMSTRONG'S  WELLS. 


Sanders  die  Allen . . 
do 

Thos.  Fowler 

Curry  &  Sons 

J   B.  Armstrong. 

R.  Robertson 

J.C.Curry 

do 

do 

do 

J.  B.  Armstrong. 
do 


490 

20 

500 

20 

830 

150 

770 

75 

568 

730 

60 

805 

100 

857 

150 

830 

108 

780 

160 

893 

150 

(«) 

o  In  progrnss. 

Record  of  Atravesada  veil,  on  Kenedy  ranch,  Cameron  County. 

Feet. 

-  soil 0  -     1 J 

sand,  salty 1  J-  10 

sand 10  -  35 

water  seep 35  -  45 

lay  and  Ixjwlders 45  -  50 

nd  bowlders 50  -  80 

ted  shells 80-82 

82-90 

nd  bowlders 90  -100 

ted  shells 100  -103 

owldere 103  -110 

nd  brown  clay 1 10  -140 

to  buff  clay 140  -265 

ted  shells,  scallop  shapinl 265  -320 

to  buff  clay 320  -330 

nd  rock 330  -335 

and  rock 335  -360 

clay 360    380 

ock 380   -38()i 

380^-400 

ock 400     400.i 

A{)0\  420 

420  -422 

422  -440 

440     440i 

■ained  ])luish  nuk 440\  460 

•ownish  clay 460     470 

>n)wn  clay  un<l  sainl 470     555 

555  -615 
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Very  hard  gumlx) 615- 

R(^ddifill  giiinlx) 040- 

Rock 694- 

Clay 696- 

WaU»r-l)oaring  sand ;  Htnmg  fl(>\v 700- 

Rwl  clay 720- 

Hanl  r<*d  clay 765- 

licaml  of  well  at  San:  ranch,  (^umeron  County. 

Palc»-rod,  sandy  clay 0- 

Sand .....\ 1^ 

Very  pal(^red  clay,  sandy 30- 

Sand  containing  hard  layers 50- 

Sand  with  very  soft  blue  clay 250- 

Sand  and  })hn8h  clay 315- 

Sandstone 500- 

Vellow  sand 512- 

Sandstone 517- 

Sand 525- 

Very  hard  bluish  n)ck 529- 

Rock  and  clay 699- 

Red  and  blue  clay  wiih  liard  layers 729- 

Hluish  clay  with  n»d  layers 899- 

Reddish  and  gret^nish  clay 989-1 . 

San<l .' 1, 099-1. 

Record  of  Ovejas  tirU,  S  miles  ca.st  of  San z  rajich,  Camtron  Coynty. 

Soil  and  clay 0- 

Sand  and  clay 10- 

riay  and  sand  in  hard  and  s<»lt  layers 53- 

8and 68- 

White  clay  and  gravel?*  (  "  iMjinis  beds'"  i 81  - 

Sandy  clay  and  sand  rock 115 

Sand  iUi<l  sandstone 134- 

Chiy  and  sandstone 185- 

Saiul 208- 

Hluc  clay : 225 

Sand 278- 

Sand  and  sandsl<»nt' 290- 

Bliu'  clay 378  - 

Coarse  siind 408- 

riay  containinir  liard  layiM> 421- 

Sandst(»nc 442- 

Sand 450- 

\Mnle  clay 47a 

Sand 476- 

Bluish  clay 490- 

Sand  an<l  nandstone 520 

Hluish  clay 532 

Sand  and  sandstone 551 

nine  <lay 5G0- 

Sandy  clay 585 

Very  line  sand 596- 

San<l  and  saiulstone 613- 
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Very  ban!  guuilH> 615-  J^) 

Rt'ddisli  jruiiilH) G40  m 

Rwk (KM-  \m 

riuy CM-  700 

W'rttrr-lM'ariiig  Siiinl ;  stnm^r  flow 700-  7"J0 

R«m1  clay 720-  765 

Hani  rcil  clay 7fi.V  m 

Rii-ord  of  inU  at  .N'ri//c  ranch.  CnmrroH  County. 

I*al<*-nMl,  sandy  day 0-  l-i 

SiiiKl 15-  30 

V<'ry  pal<»-nMl  t-luy,  s;iii<ly 30-  50 

Santl  cniitainin^  hard  layers 50-  250 

Sand  with  very  s<»ft  Mue  clay 250-  315 

Sand  an<l  Ului'sh  clay ' 315-  500 

San<lst(»nc 500-  512 

Yellow  sand 512-  517 

Sundstonc 517  -  525 

Sand 525-  529 

V<'ry  hard  hluish  rn,k 529-  699 

RcK'k  and  clay <J99-  729 

Kc<l  and  l)lu«'  clay  with  hard  layers 729-  899 

Bluish  clay  with  red  hiy<Ts 899-  989 

Reddish  an<l  greenish  clav 989-1, 099 

Sand * 1, 099- 1. 104 

Htvunl  nj  Ortjtis  nrll,  s  mlhs  mst  of  Snu:  runrh,  Cameron  Coiijity. 

Soil  and  clay 0-  W 

Sand  und  .lay 10  -  ry.\ 

Clay  and  .-and  in  hard  and  stfi  layt-rs b!^-  O^* 

Sand 1)8-  SI 

While  rlay  and  ijravels  i   •  K(juns  hccl>" SI  1 15r 

Sandy  rlay  and  sand  mck 115-  1:^ 

Sand  and  sandsiniu- 134-  185 

(lav  and  san<lsi..ne 185-  208 

Saml 208  -  225 

IJlne  clay ! 225-  278 

Sand 278-  290 

San<l  and  sandsi^.n*- 290-  378 

nine  elay 378-  40S 

( 'oarse  sand 408-  421 

Clay  containiiiu'  luird  layers 421-  442 

San«ls((.ne 442-  450 

San. I 450-  470 

While  day 470  470 

Sand 47()  490 

Mlnish  clay 490  520 

Sand  and  sand>li»ne 520-  532 

Hlnish  clay 532  551 

Sand  and  sandstmie 551  'ti'A) 

nine  clay 5<U)  5Sr) 

Sandy  <'lay 5S5-  590 

Very  line  sand 5!Mi  lil3 

Sand  and  sainlsttine 1)13  1)30 
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DETAILS    BY   COUNTIES. 


HIDAIiGO  COUNTY. 


Sh<iH<nv  wells, — Water  is  procured  from  wells  in  Hidalgo  County  at 
deptlis  var^'ing  from  25  feet  cm  the  lower  ground  to  150  feet  on  the 
hicrhlands.     An  abundant  supply  is  usually  obtained. 

Artesian  v^eUs, — TXiring  the  last  few  years  many  successful  artesian 
wells  liave  been  bored  in  the  northern  half  of  Hidalgo  County.  These 
are  located  mainly  on  the  Ijasater,  Sullivan,  Armstrong,  Ward  &  Rus- 
sell, and  King  ranches.  In  January,  1906,  information  had  been 
obtained  of  about  60  of  these  wells,  but  there  are  others  about  whicn 
no  data  are  available.  The  following  is  a  partial  list  of  the  wells,  giv- 
ing their  de[)th  and  approximate  flow. 


Artfsian  vrlls  in  northern  Ifldalffo  County. 
KI).(\  LASATKU  UANCII. 


Namo. 


J)rillor. 


Dopth 


Nn.  f» O.  S.  Ciildupll. 

Sty.  A ' <lo 

K»*;tlitf>^ I  Terrv  Downs.. 

Whii^  Sulphur I do 

Patririo ,. .: do 


i 


i  Flowpor 
I  minute. 


Fret. 
Aim 

4;» 

478 
484 
460 


Qallont. 
10 
35 
75 
75 
25 


D.SrLLIVAN  RANCH. 


TwiriH '  S.  A.  Ilainlin 742  ,             400 

l>o do •     1.008  r>oo 

.S20  SOO 

(iCiO  i             .-VN) 

<aO  4')0 

350  500 

530  20() 


Thrcv-lourths  nnio do. 

TuL-i  TwKi ; do. 

Do do . 

<ilin<»55  <"r«ek do. 

S«>«i*li  Tvin ^o. 

!>•> do. 


WARD  »V:  RT:HSFLL  RANCH. 


Nc.  1 

No.  '2 
No.  ;i 
No.  1 


A   Hamlin. 

-.do 

..do 

..do 


±500  Flow  s. 

±.j<K)  Do. 

±.500  Do. 

.(X>«  Do. 


•LrfffjiTite.  ... 
\TKlr*»a.  — 

Tampioo.. . 

f  omMTiche. 
r;*»55ar«i 


KINd   RVNCIl. 


,  \V.  Fcrpiison. 

..do 

..do 

..do 

..do 

..do 


3K2  ! 

75 

im 

70 

719  , 

50 

♦i'ls  ; 

3,1 

747  ! 

200 

8  UNDERGROUND   WATERS   OF   TEXAS   COASTAL   PLAIN. 

A  chemical  analysis  of  the  water  of  the  White  Sulphur  well  (Lasaier 
ranch)  is  given  below: 

Analysis  of  tvater  from  White  Sulphvr  ivell,  Lasater  ranch,  Ilidalgo  Couniy.'^ 

Parts  por  million. 

Ammonium  (NH^) 0.04 

S(Mliiim  (Xa) 200.00 

MagnoHium  (Mg) 29. 00 

Calcium  (Ca) 75. 00 

In»n  (Fo) 2.00 

Chlorino  ((1) 380. 00 

Nitrato  ra(iido  (NO,) 02 

Sulphato  nd'u'lo  (SO/) 170. 00 

Bicarb<mat<^  nwliclo  (1IC(\) ...     120. 00 

Silica  (SiOj) 36. 00 

Organic  matter 12. 00 


Parts  per  million. 

1  Total  Polids  at  105*> 1. 090.00 

!  Total  Rolidfl  ignitinl,  dull  rc^l- 

I      nesR l.OOO.OO 

liom  on  ignition 90.0p 

j  Alhuminoid'ammonia  (NIT,)..  .01 

'  Frei^  ammonia  (NH,) .023 

I  Nitrites .007 

Oxygon  rc^quinnl 4.t00 

,  Temporary  hardness 140.  (10 

I  P<'rmanont  hardn<«^ GS.  00 


1,084.00 


HTAUR  COTTNTl'. 

Shallow  wells, — Water  is  generally  obtained  at  shallow  depths 
throughout  Starr  County,  but  along  the  Rio  Grande  a  large  portion 
of  the  inhabitants  use  river  water. 

Artesian  wells. — Artesian  water  is  found  in  the  northeastern  part 
of  the  county,  near  the  town  of  Falfurrias.  The  wells  range  in  depth 
from  540  to  1 ,020  feet.  In  the  deeper  borings  five  distinct  water  hori- 
zons are  encountered,  some  of  which  have  a  capacity  of  250  gallons  a 
minute.  The  water  is  iised  extensively  for  irrigation,  and  during  the 
last  two  years  the  progress  in  artesian  irrigation  has  been  very  rapid. 
The  following;  is  a  list  of  wells  in  Starr  Countv: 


NaiiH'. 


Artt'sian  urlls  in  Starr  County. 


Dt'pth. 


I  minute*.    , 


Nttmo. 


Dopth. 


Flow  pT 
1  miniitr- 


Los  Mos(init<».s. . 

Mo8quit«' 

Alto  Bonito 

Harendo 

Copa 

Falfurrias  No.  1 . 
Novilla 


Fftt. 
710 

.'Ki2 
.V2«i 
(i()3 
SOO 
700 


Oallons. 


Colosa , 

100   I  Railroad 

2;)0   I  Tank 

.W   .  Falfurrias  No.  2. 

30   I   P'alfurrias  No.  3. 

!.'»   I  Copita 


Frrt. 

SIO 
7M\  ' 
1,020 
700 


Onllont. 
IOC 

i:if 

101' 
SI 
IK 


a  Analysi.s  ly  II.  W.  HairiKT  and  M.    i,.   '..lu.sffK'lv,  school  of  chojuistry,  I'nivorsity  of  Toxas,  Austin 
April,  190:J. 


8TABR   AND  NUECES   COUNTIES. 

An  analysis  of  the  water  from  the  Mesquite  well  is  given  below: 

Analysis  of  water  from  Mesquite  well,  Lasater  ranchy  Starr  County. a 


I                                                       Parts  per  million. 
I  Total  solids  at  105° 680 


Total  solids  ignited,  dull  redness.  610 

Loss  on  ignition 70 

Albuminoid  ammonia  (NH,) 062 

Free  ammonia(NHj) 006 

Oxygen  required 16 

Temporary  hardness 230 

Permanent  hardness 19 


Parts  per  million. 

Ammonium  (NH4) 0.07 

Sodium  (Na) 170.00 

Magnesium  (Mg) 3 

Calcium(Ca) 38.00 

IiDn(Fe) 1 

Chlorine  (CI) T. . . .         .4 

Nitrate  radicle  (NO,) None. 

Sulphate  radicle  (SO J 39. 00 

Bicarbonate  radicle  (HCO,) 150. 00 

Silica  (SiOj)       18. 00 

Oilganic  matter 44. 00 

459.87 


XUECB8  COUNTY. 

Shallow  wells, — At  most  places  throughout  Nueces  County  water 
can  be  obtained  at  depths  of  30  to  40  feet,  but  in  the  southern  part  of 
the  county  many  of  the  shallow  wells  furnish  brackish  water.  There 
are  wells  in  the  northern  part  of  the  county  which  range  in  depth  from 
50  to  180  feet.  The  deepest  of  these  penetrated  a  water-bearing  sand 
which  furnishes  60  gallons  of  water  a  minute.  Throughout  the  east- 
em  part  of  the  county  water  is  obtained  at  a  depth  of  35  to  40  feet, 
but  much  of  it  is  saline.  Along  the  west  side  of  the  county  the 
wells  80  feet  deep  supply  only  a  small  amount  of  water,  while  those 
which  have  been  bored  to  a  depth  of  150  feet  afford  an  abundance,  and 
in  many  of  them  the  water  rises  to  within  70  feet  of  the  surface. 

Artesian  wells, — Artesian  water  is  secured  throughout  the  southern 

two-thirds  of  this  county  at  depths  which  vary  from  490  to  1 ,240  feet. 

In  the  amount  of  flow  these  wells  range  from  a  few  gallons  to  over  600 

gallons  a  minute.     So  far  no  flowing  wells  have  been  obtained  north 

of  the  Texas  and  Mexico  Railroad,  although  borings  have  been  made 

at  Alice,  Robstown,  and  Corpus  Christi.     The  northernmost  of  the 

successful  wells  in  this  county  are  on  the  Driscoll  ranch.     A  list  of  the 

artesian  wells,  giving  their  depth,  flow,  and  other  data,  follows. 


•  Analysis  by  U.  W.  Uarpcraad  C.  Uartmanu ,  sK'hool  of  chemistry,  University  of  Texas,  Austin,  April, 
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UNDERGROUND   WATERS   OF  TEXAS   COASTAL   PLAIN. 


Artesian  wells  in  Nueces  County. 
KING'S  WELLS. 


Name. 


Palo  Alto  No.  1 

Palo  Alto  No.  2 

SanU  Ocrtrudis  No.  1 

Parrlta 

Ebanito  No.  1 

Ebanlto  No.  2 

Fitch 

Jenson 

Baltimore 

Canelo 

Oaso  Ancho 

Lower  Llttlo  pHstun;. 
8anta  (lortrudis  No.  2 

Coyoto 

Chlltipin 

Burro 

Twlephono ^ do 

Portales I do 

Guayacan i do 

Jabonclllo.H I do 

Rincon  d<»  Los  Calxfllos 

Bovida 

Kctamosa 

Conchas 

Vivorafl 

Vl.snagH 

Hanta  Gortnidi.s  No.  .*{. 
Santa  (tcrtrudiN  No.  4. 

Alazau 

Santa  Clara 


Driller. 


I  Depth. 


T.  Herring.. 

do 

....do 

....do 

....do 

do .•- 

....do 

....do 

....do 

....do 

do 

do 

do 

do 

do 

do 


King  Machinery  C^. . 

'.'.Aoy///////^'.'..'.. 

....do 

....do 

...do 

A.  W.  Ferguson 

do 

....do 

do. 


Val«'derHS I  Tom  Leary 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


..I.  Mills 
KolxTtson. , 
.1.  Iloiis*'. . 

Ilorriiig 

B.  FuUor... 


Rincon  d<'  Tio  Pancho. 

L<*oncltH.s 

Tranqultas... 
Litth?  Pastun' 

Ucdicho 

TranqiUH-ito.s. 

Caldwi'II , 

Indios I do 

Mota  Nf'gra , do 

Palo  Manado do 

C'oniitas ! do 

HoiniT '  A.  B.  Fuller 

Alazan  No.  2 King  Machinery  Co. 

CoU'/.a I do 

Pri«'sta do 

ElxMiitd do 

L<MHu-ita.s  Sit.  2 «lo 

I  IiTring T.  1  frrring 

Young I.  r.  .Morris 

Taylor T.  I  IiTring 

.Johnson I.  P.  Morris 

U<v(l T.I h'rriiig . 

llariMT K. 

KingNvillc K. 

Sinims \V 

McN.'il T. 

Warren .\. 

lluffnnin T.  ll«»rring. 

.lo.sse J.  P.  Morris 

Weir W.  T .  1 1 ouse 

Harvey T.  1  liTring 

Ilotlnian do 

AlexaiKler do , 

Pi'nn \V.  .1.  lloiist' 

Santa  (icrtrudis  No.  .'5 King  Machinery  Co 


Feet. 
582 
704 
535 
470 
45G 
475 
396 
402 
474 
495 
590 
545 
550 
795 
840 
928 
874 

1,065 
905 
948 
764 
720 
447 
427 
989 
913 
565 
500 
423 
525 
591 
ftl5 
570 
655 
574 
680 
ti40 
540 
480 
.550 
700 
578 

rm 

4<vV 
410 

<a5 

.197 
1,050 
805 
(•30 
(i20 
tmi 
01 « 
(25 
ii09 
(iOO 
itU) 
(28 
ti30 
040 

(V32 
(520 


Flow 
mini 


Gallo 


580 


a  In  progress. 


■NUECES   COUNTY. 
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Artesian  wells  in  Nueces  Vountxf — Continued. 

SEELIGSON'8  WELLS. 


Name. 


Driller. 


««P"'l*;i?n''u£^.' 


inch. 


C.  Premont. 

....do 

....do 

....do 


I 


Feet.  .  QaUona. 


404 

50 

A33 

65 

630 

8 

475 

75 

ANN-V  COLLINS'S  WELLS. 


White  Bros. 

do 

do 

do 


825 
918 
790 


50 

9 

150 

50 


ROBERT  DRISCOLL'S  WELLS. 


Chas.  V.  Fox.. 
do 

Leary  &  Gano. 

Thos.  Fowler.. 
do 


012 
653 
525 


150 
100 
25 
60 
100 


.\NDRES  CANALES'S  WELLS. 


F.  Rosalcs. 
do 


440 
458 


80 
80 


CHARLES  WEILS  WELL. 
Li'ary  <k  (Jano . 


558  i 


35 


RAGLANl)  &  II  ERR  IN  GS  WELLS. 


T.  Herring 

W.  C.  Downing. 


100 
60 


EXAS  LAND  AND  CATTLE  C<)MI'ANY'S  LAURELES  RANCH  WELLS. 


^Ile. 


Salle. 

r§ 

^lle. 


O.S.Caldwell. 

do 

do 

I.  Mc.MesUT... 

do 

do 

do 

do 

do 


1.130 
«2<i 
1.06K 
1.020 
1.240 
1,150 
1.1S5 

1 .  295 


40 
'M) 
160 
120 
240 
25 
60 
SO 
35 
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UNDERGROUND    WATERS    OF   TEXAS    COASTAL   PLAIK. 


O'Connor. 
Do.... 
Do. ... 


Do. 
i>o. 


Artcsiaii  wells  in  Refugio  County. 


Depth. 


Feet. 
946 
S26 
1,204 

972 
1,000 


Flow  per  Distance  and  direction  lr« 
rolnute. 


Anaqua. 


OaUoM. 
60 
175 
175 

150 
40 


7. 5  mUe«  Bouth,  5  mUw*^ 
14  miles  south,  15  mUeevt 
11.5  miles  south,  25  mi 

west. 
13  miles  south,  ^  miles  c* 
19  mUes  south,  8  milrs  ^* 


AUAN8AS  COirNTY. 

Shiilhw  wells. — lu  Aransas  County,  which  borders  the  coast,  >vt 
is  obtained  at  depths  varying  from  25  to  80  feet. 

Artesian  ivells. — There  are  at  present  no  artesian  wells  in  thiscoiu 
and  as  far  as  can  be  ascertained  no  prospecting  has  been  done. 

CALiIIOUN  C OITNTY. 

Shalhw  wetl^. — Th(»  average  depth  of  shallow  wells  tlirou^h 
(•alhoun  County  is  30  feet,  and  in  most  cases  an  abundant  suppl. 
obtained. 

Artesian  wells. — There  are  21  artesian  wells  in  Calhoun  Coui 
mainly  on  the  ranch  of  T.  M.  O^Connor.  Their  approximate  local 
together  with  otlier  data,  is  given  hi  the  following  table: 

A rU Man  veils  in  CaUioxni  VomUy. 


Depth. 


C.  .V.  Mitc'h.'ll" 

J.  K.  Shiitt  <» 

II.  ('.  Cliirk 

Do 

Do 

Thonuif:  cstati' 

Do 

Do 

J.  n.  Wutkins 

T.  .M.    ) 'Connor: 

Oil 

H'f^T 

()la  i»ons 

Johnny  Woods 

DoubU'  (InniH 

Coin  Pond 

Kclipsc  No,  1 

QiK'on 

Hran<lii'U  pen 

I'crry  Bend 

Kclipsc  No.  2 

Tnl»'  Pond 

Kclipso  No. .'{ 

Havshorc  Dundv 

KaL'h'  Nest " 

.Mlipitor 

Dufjran  d.i  ni 

Salt  Oat 

.Middio  Dandy 

I'V-nco  Jini' 

•JVfoot  Dandy 

a  Dianu'tor  1  \  inches 


Feet. 
,«0 
802 
49<) 
330 
3W 
441 
442 

:i()o 

366 

780 
572 
.')70 
600 
r»40 
490 
480 
482 
4<iO 
4vS() 
31t> 


Flow  per  I  Distance  and  d* 
minute.      from  Point  Ix** 


Gallons. 
Weak. 

63 
12 
8 


4  mllen  northr*^ 

8  miles  southed 

8  miles  south. 
Do. 

4  miles  south. 

5  miles  south. 
7  miles  souths  * 

9  miles  south. 

14  miles  southed 
16  miles  southed 
14  miles  southci- 

12  miles  southet^ 
Do. 

14  miles  southea 
Do. 

15  miles  southea 

13  miles  southea 

11  miles  southea 

12  miles  southea 

3ir>  ■■ I  10  miles  south. 

320  > 11  miles  south. 

:VM  ! I  15  miles  south. 

4r.0  I I       Do. 

1.4S4  j I  16  miles  south. 

.^so  I ;  17  miles  south. 

•'"'  1  '  18  miles  south. 


42<) 
48() 
4S() 


.1  15  miles  south. 
.1  14  miles  south. 
.1         Do. 


t>  Diameter  2  inches. 


CALHOUN    AND   VICTORIA    COUNTIES.  15 

Record  of  well  at  Alligatifr  Uead^  Calhoun  County M 

Fwt. 

Surface  8t>il 0-        3 

Fine  white  quicksand 3-      21 

White  clay 21-      43 

Greenish  clay  containing  shells 43-      80 

Gray  sand 80-       83 

Hard  veHowish  clay 83-     160 

Coarse  sand  containing  shells 160-     166 

Hani  clay  containing  shells 166-    210 

Sand 210-    225 

Hani  clay  containing  oyster  shells 225-    320 

Sand  containing  oyster  shells 320-    365 

Blue  clay  containing  a  ivy,'  shells 365-     452 

Ciiarse  gray  sand : 452-     476 

Conglomerate 476  -     551 

Gray  sand 551-     567 

Omglomemte  with  lay<*rs  of  blue  clay 567-    694 

Gray  j^nd,  traces  of  oil 694-     704 

Hani  nxk 704-     707 

Light  sand,  tracers  of  oil ". 707-     710 

Blue  day 710-    713 

Haiti  rock  with  soft  layers 713-    725 

^fay  sand  c*ontaining  fragments  of  shells 725-    767 

''Shell  concret<t" 767-     887 

^i\d,  water  and  oil  bearing 887-    912 

^'^'ugloinerate 912-    916 

^J^y  sand 916-    942 

*^liie  day  containing  lx)wlders  and  shells 942-1,  008 

^i^ht-colorcii  clay  and  fine  gray  sand  in  alternate  layers 1, 008-1,  022 

^lue  day 1,  022-1,  039 

p^dc 1, 039-1,  042 

*^l^e  clay  containing  bowlders  and  sheila 1,  042-1, 051 

^^itesand,  traces  of  oil 1,051-1,052 

^^^e  clay  with  hard  layers 1, 052-1,  056 

■^i^ht-c-olored  clay  with  hard  layers 1, 056-1, 087 

^^ite  sand,  water  bearing. , 1,  087-1, 097 

^^  and  blue  clay 1, 097-1,  230 

^-^ght-colored  clay  iron  stained 1,  230-1, 462 

Variegated  clay 1 ,  462-1 ,  48-1 

VICTORIA  C'OITXTV. 

^<^low  welh. — Shallow  wells  are  obtained  in  Victoria  County  at 

depths  varying  from  30  feet  in  the  southern  part  to  80  feet  in  the 
northern  and  western  parts. 

Artesian  welh. — Information  has  been  received  of  17  artesian  wells 

in  (his  county.  The  majority  of  these  wells  are  on  the  Keeran  ranch 
in  the  watershed  of  Garcitas  and  Aranosa  cre(^ks.  The  following]:  is  a 
tot  giving  their  depth,  flow,  diameter,  and  ap})r()ximate  location: 

a  Furnishod  by  J.  I).  \Iiu-lirll,  \  ictoria.  Te\. 
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Artesian  wells  in  Refugio  County. 


Owner. 

Depth. 

Flow  per 
minute. 

Distanco  and  direction  frci 
Anaqua. 

(>'('(>nn(»r 

Feet. 
946 
826 
1,204 

972 
1,000 

OalUms. 

60 
175 
175 

150 
40 

7. 5  miles  south,  5  miles  we 
14  miles  south,  15  miles  we- 

Do  

Do 

ll.  5  miles  south,  25  mi 

Do 

Do 

west. 
13  miles  south,  F  miles  eaiu 
19  miles  south,  8  mUes  cass 

ARANSAS  COirNTY. 

SJiallaw  wells. — In  Aransas  County,  which  borders  the  coast,  wat 
is  obtained  at  depths  varying  from  25  to  80  feet. 

Artesian  wells. — There  are  at  present  no  artesian  wells  in  this  count_ 
and  as  far  as  can  be  ascertained  no  prospecting  has  been  done. 

C  AL.1IOUX  COUNTY. 

Shallaw  v)eUs. — The   average  depth  of  shallow  wells  througho* 
('alhoun  County  is  30  feet,  and  in  most  cases  an  abundant  supply 
o])tained. 

Artesian  wells. — There  are  21  artesian  wells  in  Calhoun  Coimt_ 
mainly  on  the  ranch  of  T.  M.  O'Connor.     Their  approximate  locatio 
together  with  other  data,  is  given  in  the  following  table: 

Artada7i  wells  in  Calhoun  County. 


I  Depth. 


Feet. 

i  380 

'  802 

496 

330 

360 

441 

I  442 

500 
366 

'  780 

572 

570 

600 

540 

490 

480 

482 

4<» 

480 

,  ^1« 

I  315 

:  320 

I  390 

A  Ultra  tor '.'."..    ".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.['.'.'.'.'.'.'.'.I  1 .  4^4 


C.  A.  Mitcholl« 

J.  !•:.  Shiitt  ft 

II.  ('.  Clark 

Do 

Do 

Thomar  estate 

Do 

Do 

J.  B.  Watkins 

T.  M.  '  )*('onnor: 

Oil 

BoL'ijy 

(>l(l  pens 

Johnny  Woods. . 

Doul)k'  (lams 

('('in  iNrnd 

Kcli|>S(^  No.  1 

QlKMMl 

Hrandinu  pon 

I'crrv  Bend 

Kclipsc  N(..  2 

Tiile  I'ond 

lu'lips<'  No.  3 

RuvslioH'  Dandv . 

KaK'lo  Nest. 


Flow  per 
minute. 


Duj/an  da 
Salt  Mat  . 
Middir   I);, 

lMnc(>  lin(> 

•iVfoot    Dandy. 


iidy. 


421) 
4S() 
4K) 


Gallons. 

Weak. 

63 

12 


Distance  and  directi 
from  Point  Lavac.-u 


4  miles  northeast. 

8  miles  southeast. 

8  miles  south. 

Do. 

4  miles  south. 

5  miles  south. 

7  miles  southwest. 

9  miles  south. 


14  miles 
16  miles 
14  miles 

12  miles 
Do. 

14  miles 
Do. 

15  miles 

13  miles 

11  miles 

12  miles 

10  miles 

11  miles 

15  miles 
Do. 

16  mUe^s 

17  miles 

18  miles 
15  miles 

14  miles 

Do. 


southeast. 
8outhea8t. 
southeast, 
southea.st. 

southeast. 

southeast. 

southeast. 

southeast, 

southeast 

south. 

south. 

south. 

south, 
south, 
south, 
south, 
south. 


a  Diameter  1 '.  inches 


b  Diameter  2  inches. 


JACK80N    COUNTY.  17 

A  well  owned  by  S.  H.  Beasley,  drilled  in  1903  close  to  the  west 
bank  of  Navidad  River,  about  1  mile  north  of  the  crossing  of  the 
New  York,  Texas  and  Mexican  Railway,  has  the  following  record: 

Record  of  Beasley  well  in  central  Jackson  County. 

Feet. 

Sandy  soil 0-      J 

RfHl  clay 1-  16 

RchI  sand 16-30 

Red  clay 30-46 

Rtx-k 46  -  47 

Sand 47  -  55 

Roc-lc 55-56 

Sarfcd  and  red  clay  in  alternate  layers 56  -120 

Sand 1 20  -140 

Rooli 140  -141 

Sand ^ 141  -223 

Red  clay  and  sand 223  -249 

IU>olc 249  -258i 

Clay  and  rock 258i-268i 

Red  clay 268i-270i 

Sand 270J-285i 

Roolc 285 J-286 

Red  clay 286  -287 

Sand ;. .  287  -289 

Rook 289  -290 

Sand 290  -311 

Kock 311  -335i 

^^iteclay 335J-339 

Sa^^d 339-361 

^^ock 361  -387i 

^*iid 387  J-408i 

^<>olc 408i-411 

Sand 411  -414 

^^k 414  -424 

^nd 424  -465 

^^k 465  -469 

Sand 469  -479 

^ock 479  -481 

Sand 481  -498 

Rock 498  -510 

SaTid 510  -521 

Rock 521  -525 

Sand. 525  -545 

Red  clay 545     548 

Sand 548  -558 

Red  clay 558  -566 

Sand 566  -586 

Rock 586  -596 

Sand 596  -640 

Blue  clay 040  -650 

Sand  and  clay  in  alternato  layfrs 650  -665 

Rock 6()5   '669 

Sand 669  -675 


f 
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Artfsian  wells  tn  \%(ioria  ChurUy. 


Owner. 

r 

Depth. 

Flow  per  iDiame-;            T^*tK  —n 
minute.  1     ter.    1            l^*tK  «n 

1    Feet. 

OaUons.  1  Inches. 

RHthbont*  &  Wccder 

'     1,045 

80   City  of  VicU  ^ri^. 

Flows.  ! Southeast  o-f    Vict 

J.  N.  Kwran 

1        180 

Do       

'        200 

148 

Flows. 

Do. 
Do. 

Do 

Flows. 

Do 

705 

Flows, 

Do. 

Do 

130 

Flows. 

Do. 

Do 

77 

Flows. 

Do. 

Do 

50 

Flows !         Do. 

Do 

222 

Flows Do. 

Do 

110 

Flows.    Do. 

Do 

1        140 

Flows.    

Do. 

Do 

1        425 

Flows.  ' 

Do. 

Do 

180 

Flows. 

Do. 

V.  M.  MrFjuidoM                                        .     . 

716 

10 

2 

Kemper.     U    m>kf 

south. 
Kemper,     1.7   m'\^ 

Do 

1        592 

10 

3 

j 

south. 

Uo8ii  (Mark 

152 

Si 

2 

Kemper.  7  miles  DortD. 
Inez,  7  mite«  north. 

Jno.  T.  Kiisk 

226 

JACKSON  COUNTY. 

Shalhw  wells. — Water  is  obtained  in  the  eastern  part  of  Jackson 
(-ounty  at  depths  varying  from  25  to  40  feet;  in  the  southern  and 
western  parts  from  40  to  60  feet;  and  in  the  northern  part  from  25  to 
45  feet. 

Artesian  wells, — Artesian  water  has  been  found  in  this  county  south 
of  the  New  York,  Texas,  and  Mexican  Railway,  and  it  is  believed  by 
local  observers  that  artesian  water  can  be  obtained  almost  any^'^^^ 
in  the  northern  part  of  the  county.  The  following  table  gives  *^^ 
of  the  wells,  with  their  depth,  flow,  and  approximate  location. 

Artesian  wells  in  Jackson  County. 


Owner. 

j  Depth. 

Fiow  per 
minute. 

Locatic 

Edna,  10  mil 

east. 
Do. 
Edna.  16  mill 

east. 
Edna,  25  mil 

east. 
Edna,  14  mil 

east. 

Carancohue, 

east. 
Carancohue. 

east. 
Carancohue, 

south. 
Carancohue, 

southeast. 
Carancohue» 

east. 
Carancohue. 

southwest. 

>t%' 

C.  Branch  

!    Feet 
223 

OaUoru. 

7 

5 
42 

4 

2 

6 

^^  j^nth- 

Do       

365 

e.^  ^■'^'•• 

IT.  Bowers 

3fi0 

S.  Mitchell 

402 

ei*  ^'^^^' 

K.  Clcinciit 

1        398 

^3  ^^^^' 

W.  WesthofT 

785 

Biihler     

325 

1..  Wani 

324 

A.  W.  I^'wis 

362 

150 
60 

100 
40 

100 
50 

.>  \ni^^ 

K.  E.  Wjinl 

'        330 

3  mU** 

Do 

1        338 

7  miJ<" 

Do 

348 

10  mil^'' 

Do 

1        366 

6   mil^^ 

Do 

!   «i 

5   mil?' 

Thos.  Do  wees 

893 

Do 

'        777 

Do                

r»4<) 

Boriiielt  tV  West 

3«)0 

Do 

'         152 

Do 

,V^ 

Do                    .       . 

i        240 

Do   

480 

Do 

355 

Do   

450 
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A  well  owned  by  S.  H.  Beasley,  drilled  in  1903  close  to  the  west 
^nk  of  Navidad  River,  about  1  mile  north  of  the  crossing  of  the 
^\v  York,  Texas  and  Mexican  Railway,  has  the  following  record: 

Record  of  Beasley  well  in  central  Jackson  County. 

Feet. 

Sandy  soil 0-      \ 

Hod  clay J-  16 

Rod  sand 16-30 

Hod  clay 30-46 

Kook 46-47 

Sand 47  -  55 

R(ick 55      56 

Sand  and  rtnl  clay  in  alternate  layers 56  -120 

Sand 120  -140 

Rock 140  -141 

Sand ^ 141  -223 

Red  clay  and  sand 223  -249 

Rock../. 249  -258i 

Clay  and  rock 2581-268J 

Red  clay 268J-270i 

Sand 270 J-285i 

Rock 285 J-286 

Red  clay 286  -287 

Sand 287  -289 

Rock 289  -290 

Sand 290  -311 

Rock 311  -335i 

White  clay 335i-339 

Sand 339-361 

Rock 361  -387J 

Sand 387i-408i 

Rock 408i-411 

Sand 411  -414 

Rock 4 14  -4  24 

Sand 4 24  -465 

Rock 465  -469 

Sand 469  -479 

Rock 479  -481 

Sand 481  -498 

Rock 498  -510 

Sand 5 10  -521 

Rock o21  -525 

Sand. 525  -545 

Red  clay 545  -548 

Sand 548  -558 

Red  clay 558     560 

Sand 560  -580 

Rock 580  -590 

Sand 590  -040 

Blue  clay 040  -050 

Sand  and  clay  in  alternato  Uincts 050    005 

Rr>ck 0()5   -009 

Sand 009   -075 
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Feet. 

K« H'k 675-  676 

Sand  and  rlay  in  altomatc*  layers 67()-  695 

Rock ' 695-  698 

Sand , 698-  771 

Blue  clay 771-   777 

Red  sand 777-   799 

Red  clay 799-    852 

Red  ami  blue  < -lay 852-    9\^ 

Reil  clay 910-    ^ 

White  clay ^     950-    ^ 

Blue  clay 995-1,000 

Sand ..." 1 ,  000-1 .  O^' 

RchI  clay 1 ,  007-1,  O^^^ 

Water- hearing?  wind 1, 009-1,  O-" 

White  clay 1,022-1,0^ 

Sand 1 .  038^1,  C^ 

Clay 1,000-1,:^-^^ 

Soft  mud 1, 107-1,  '^-\ 

RtHi  clay 1, 112-L  ^-    r. 

Rock 1, 140-1, 1  , 

(Uay 1,144-1,1         ^ 

Rock 1, 155-1,  l--vi!. 

R<h1  clay 1, 150-1, 2^^^ 

Soft  mud 1,  200-1. 21^^^. 

Rock 1,  238-1, 24^;^;^ 

Soft  mud 1,245-1,27*^^ 

riay ^'^^^^^^^^^ 

•   Sand,  line  water  Ix-arcr 1,  330-1, 37- 

An  artesian  well  owned  by  Russell  Ward,  25  miles  from  EdiiC^^*^  ^ 
iho  southeast  corner  of  Jackson  County,  has  the  following  recor^^^ 

lit  cord  uf  Wurd  artesian  vrll  in  soiitheasteni  Jackson  County. 

Feet. 

Surface  soil 0-  iC^ 

Red  clay It)-  2C^ 

*'  ( )yster  shells " 20-  2J^ 

Red  clay 25-110 

Fine  sand,  water  hearing]: 110-130 

Blue  clay 130-155 

Thin  layer  of  rock 

Blue  clay 155-225 

Soft  black  mud 225-230 

"Water  sand "  and  gravel '. 230-260 

R(hI  and  white  clay 260-290 

Layer  of  thin  rock 

Rtil  and  white  clay 290-330 

Sand  and  gravel,  artesian  water  ht^aring 330-365 
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>IATAOORI>A    C^OITNT^  . 

elUi. — In  Matagorda  County  shallow  wells  are  from  15  to 

veils, — Artesian  water  \\2iS  been  secured  at  many  places, 
I  the  southern  part  of  the  county.  Data  respecting  these 
'-en  in  the  following  table: 

Artesian  v:elh  in  Matagorda  County. 


rd. 


d 

iailroad. 


Flow. 

Dopth. 

Diani- 

Per  min- 

Ahovo 

Location. 

ute. 

surface. 

Feet. 

Inches. 

Gallons. 

Ffff. 

356 

4 

50 

8 

Bay  City,  2.5  niil«*s  south- 
west. 

o3»0 

4 

15 

4 

Bay  City,   22    niile.s   south- 
west. 

280 

4 

10 

o 

Do. 

280 

4 

10 

') 

Do. 

350 

4 

50 

8* 

Do. 

:«<•) 

4 

15 

3 

Blessing. 

■,m 

4 

60 

10 

Blessing,  3  miles  south. 

4ti5 

4 

60 

15 

ralttclos,  4  miles  northeast 

48.5 

4 

.% 

10 

Palados,  10  miles  south. 

hHTO 

4 

20 

10 

Matagorda,  5  miles  nortli- 
east. 

32rt 

6 

.30 

.5 

Midfleld. 

r.30 

4 

75 

8 

Blessing,  IJ  miles  west. 

12.'-. 

3 

5 

2 

Markham,  1  mile  south. 

4riO 

6 

100 

20 

Palacios,  1  mile  northwest. 

350 

4 

75 

20 

Talaclos,  5  miles  northwest 

32«) 

4 

2,5 

2 

Midfleld,  4  miles  southwest. 

440 

2 

10 

4 

Wadsworth,  1.5  miles  south- 
east. 

fSl 

4 

7 

2 

Ilawklnsville,  G  miles  south- 
east. 

460 

0 

1.50 

4 

Bav  City, 
ralaclos. 

320 

() 

40 

4 

444 

2 

15 

1.2 

Bay  City. 
Palados. 

572 

4 

60 

4 

620 

4 

75 

6 

Do. 

1,500 

0 
0 
0 

Bav  City,  0  miles  north. 
Palados. 

800 

1.100 

Ashby. 

at  280  feet:  bored  100  feet  farther  and  good  water  obtained, 
flows  warm  sulphur  water,  whioh  is  slightly  saline. 

nt  has  about   12  de<>p  wells  on  his  ranch.     They  average  about  80  f<vt  in  depth  and 
thin  2  feet  of  the  surfao«\ 

WHARTON  COl'NTV. 

eUs. — In  Wharton  Coxintv  west  of  CNilorado  River  water 
ined  from  wells  varying:  in  depth  from  15  to  30  feet.     In 

of  El  Campo  many  rice  farms  are  supf)lie(l  with  water 
V  wells.  Here  the  water-bearing  sand  lies  about  15  feet 
irface.  A  pit  4  to  G  feet  in  diameter  is  dug  to  the  water- 
1  and  in  the  bottom  of  this  excavation  three  or  four  wells 

These  wells  are  all  cased,  and  to  the  top  of  the  casin<; 
>umps,  operated  by  cn<i:ines  on  the  surface,  are  attached, 
a  large  sxipply  of  water  is  broiisrht  to  the  surface  and  used 
in  the  irripition  of  rice.  T\\o  most  successful  shallow- 
)n  plants  in  Texas  are  in  ihe  vicinity  of  El  Cam])o. 
oeUs. — On  account  of  the  sliallow  depth  at  which  trnnind 
i  secured,  few  attempts  liavc  been  made  to  ol)tain  artesian 
'■  only  artesian  well  in  th(^  county  of  which  a  record  has 
i  known  as  the  I^ordcn  well  and  was  drvUod  m\^^:s'l.    \\» 
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is  located  near  Pierce  and  has  a  depth  of  1,609  feet.  A  complete 
record  of  the  beds  penetrated  is  given  below: 

Record  of  A.  P,  Borden  welly  Pierce  ^ton,  Wharton  County. 

Feet. 

Clay  and  sand 0-    30 

Red  Band 30-    35 

Quicksand 35-    43 

Blue  clay 43-    53 

Indurated  sand 53-    "0 

Yellow  clay  and  sand 70-   100 

Coarse  sand 100-   106 

Red  clay ' ; 106-   12^ 

Clay  and  sand 127-    1^^ 

Coarse  san d 191-    21^ 

Fine  sand 214-    '^ 

Red  clay 250-    ^ 

Fine  sand 254-     ^j^ 

Yellow  clay 270-    1^ 

Sand  and  clay 280-    ^Z 

Fine  white  sand 300-    i^^' 

Indurated  sand,  very  hard 373-    ^^ 

Yellow  sand 383-    ^^ 

Indurated  sand,  very  hard 385-    A-  ^^ 

Yellow^  sand  mixed  with  thin  layers  of  clay 410-    4 

Sand,  clay,  and  gravel 460-    4"^ 

Indurated  sand,  very  hard 476-    4^ 

Indurated  sand,  soft  and  hard  hiyers  alternating 485-    b^^ 

Indurated  sand,  very  hard 629-    5^^* 

Red  and  white  clay 549-    58^ 

Fine  white  sand 582-    59r^ 

Indurated  sand  with  soft  layers 590-    61^ 

Hard  clay 612-    J)50 

Ver>'  hard  sandstone 650-     687^ 

LinuvMtone,  very  hard 687-    693^ 

Very  coarse  sand 693-     696^ 

Limestone,  very  hard ()96-    700  ^ 

\\Tiite  clay 700-    730 

Very  hard  white  clay 730-    745 

Soft  mottled  clay 745-    786 

Red  mottled  clay 786-    818 

Red  sand 818-    838 

Quicksand H38-    850 

Red  clay 850-    890 

Gray  sand 890-    920 

Very  hard  white  clay 920-    938 

Gray  sand 938-    970 

Indurated  sand 970-    976 

Fine  gray  sand 976-    996 

Hard  clay 996-1, 000 

Hard  gray  sand 1, 000-1, 010 

WTiite  clay 1 ,  010-1, 015 

Wliite  sand 1. 015-1, 039 

White  clay 1 ,  039-1 ,  050 

Very  hard  white  clay 1 .  050- 1 ,  053 


Feet. 

Rock 1,  053-1, 065 

Very  hard  white  clay 1, 065-1, 076 

Sandstone  and  hard  blue  clay 1,  076-1, 128 

Water-bearing  sand,  gray 1, 128-1, 150 

White  clay 1 ,  150-1,  205 

Red  clay 1,  205-1, 359 

Fine  re<i  sand 1,  359^1, 366 

Red  clay 1,  366-1, 450 

WTiite  ciay 1, 450-1, 470 

White  clay  with  sand 1, 470-1, 509 

In  the  southern  part  of  Wharton  County,  near  the  Matagorda 
Oounty  line,  there  are  two  small  artesian  wells  owned  by  the  Texas 
Land  and  Cattle  Company.  These  are  2-inch  wells,  315  and  513  feet 
deep,  respectively,  the  former  having  a  flow  of  1  gallon  and  the  latter 
8  g^allons  a  minute. 

BRAZORIA  C<)UNT\\ 

Shallow  wells, — Water  is  obtained  from  shallow  wells  throughout 
^^irazoria  County  at  depths  which  vary  from  15  to  30  feet. 

Artesian  wells, — Flowing  wells  are  widely  distributed  throughout 
t:'l:ie  county,  on  both  the  east  and  west  sides  of  Brazos  River.  They 
x?^^ry  considerably  in  depth,  some  being  over  1,000  feet,  and  in  the 
a.xTnount  of  flow  they  range  from  a  few  gallons  to  over  700  gallons  a 
rm  inute.  The  water  is  generally  of  good  quality,  but  from  a  few  wells 
.line  flows  have  been  reported. 

Artesian  wells  in  Brazoria  County. 


Owner. 


'•-    I>-    Dorchester. 

!^    i^^*"» 

:f:,*^-   Dorchester. 

iU- Willi  rite 

i^X  M.Bryan.... 
*-  «-  Hodgins.... 

3.  a.  Hogg 


Depth. 


Fefl. 
I,0fi0 

640 
1,(X)0 

(iOO 
1,020 

4:iO 


l>o 

^^^urm'.;;.: 

Do 

Do 

Do 

I>o 

Do 

,   Do 

wnnjtT 

U-  Bryan.;;. 

Oil  well.. 

Do 

H.L.8keets.... 

R.Wlilig 

H.Muterson.. 
E.  B.Thomas.. 
*.H.  Bash.... 
E-M-MflJer.... 

r  J,  Moore 

inta  FeR.  R. 
iilis  heirs 


I.  Dangberty . 

Do 

'^y 


2"iO 

rm  ' 

700 

ri04 
:v>:y  ; 
av) 

MOO 

i.aK) 

1,040 
LOW 
1,100 

•r^io  ; 

1.000 

1.000 

•Ml 

THn 

*m 

704 
l.-2(K) 

r,.-,o 

700 
7f.O 

:«X) 


Flow  per     Diame- 
mlnute.  !      ter. 

Oalloiut. 
7-20, 

180  i 
90  j 
300 
Slight.  1 
....do...: 
100  I 

100  : 
Slight,  i 


Inches. 
H 
4 
4 
4 

4i 

2 

2 

10 

10 
10 
10 


SUuht. 
. .  .«lo  . .. 
Strong.  I 


12  ' 


Strong. 


Sironj:. 


Location. 


Velasco. 
Quintana. 
Surfshlc. 
Velaaco. 

Volaaoo,  f»  miles  west. 
Velasco,  ♦>  miles  east. 
Velasco.  3  miles  east. 
Columbia.    3    miles    north- 
west. 

Do. 

Do. 
West  of  Hmzos. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Brazorin. 
Hrvan  Heights. 
.Mvin. 

Do. 
-Mvin.  3  miles  southeast. 

Do. 
.Mvin.  3  miles  south. 
Alvin.  2J  miles  southeast. 
.Mvin. 

Manveli,  2  miles  south. 
Alvin.  s  miles  northwest. 
Alvin. 

Sandy  IN^nt.  2  miles  north- 
west. 
.Mvin.  ♦»  miles  north. 
.Mvin.  10  miles  north. 
Dauunv  mouuA. 
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Record  of  Arnold  well  No.  S,  Columbia^  Brazoria  County. 

Feet. 

Surface  soil,  clay,  and  sand 0  -  85 

Rock 85-85 

Sand 85J-  88 

Rock 88-89 

Oil  sand 89J-1 18 

Clay 118  -150 

Rock 150  -158 

Blue  clay 158-192 

Soft  n>ck 192-190. 

Sand 196  -210 

Soft  ro(!k 210  -212 

Blue  clay 212  -218 

Soft  rock 218  -219 

Blue  clay 219  -260 

Soft  lime  rock 260  -261 

Blue  clay,  very  tough 261  -275 

Rock  (hard  layer  at  294  feet  contains  some  gas) 275  -299 

Hard  rock 299  -315 

Crystallized  sand 315  -328 

Blue  clay 328  -333 

Rock 333  -338 

Sand 338  -343 

Blue  clay 343  -346 

Compact  sand 346  -354 

Clay 354  -368 

Rr)ck 368  -370 

Clay 370  -395 

Soft  rock 395  -397 

Blue  clay 397  -405 

Rock 405  -406 

Blue  clay 406  -428 

Crystallized  sand 428  -462 

Blue  clay,  v<'ry  hard  and  oil  siiturai  ed 462  -484 

Soft  rock 484  -486 

Blue  clay 486  -510 

Sand ,  very  compact 510  -532 

Rock,  full  of  pyrites  and  shell 532  -534 

Sand,  very  compact 534  -574 

Hard  rock,  conglomrnxtc,  pyrites,  and  lime;  rock  sulphur  and 

shell 574  -582 

Hard  Idue  clay 582  -620 

Rock,  pyrites,  sulphur,  lime,  volcanic  crystals,  and  oil  satura- 
tions   620  -628 

Blue  clay 628  -632 

Rock  with  sand 632  -651 

Sand 051  -657 

Hock 057  -675 

Hard  rock 675  -676 

^and 076  -678 

Very  liard  rock 678  -680 

San<l,  color  of  oil 680  -681 

Rock,  vrTv  hard 681  -682 

Sand G82  -691 
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Feet. 

:Blue  clay 691-    719 

Sand 719  -     723 

Blueday 723  -    729 

Oil  sand 729  -     734 

Blue  day 734  -    800 

Sand 800  -    835 

Shell  with  some  little  showing  of  oil 835  -    857 

Blue  day,  very  thin  strata  full  of  shell 857  -    858 

Sand 858  -     870 

Blueday 870  -    900 

Crystallize<l  Hand 900  -    926 

Rjrk 026  -    936 

Blue  day 936  -    943 

Sand. . . ' 943  -    970 

Soft  sandstone 970  -    971 

Hard  sandstone 971  -    973 

Clay 973  -    989 

Sand. 989  -1, 002 

Hard  rock 1,  002  -1, 004 

Sand,  fairly  firm,  contains  fossil  wckkI 1,  004  -1,  012 

Hard  day 1,012  -1,050 

Sand  with  a  little  gas 1, 050  -1, 110 

Blueday 1,110  -1,115 

Sand. . /. 1, 115  -1, 136 

Soft  rook,  or  compact  sand 1 ,  136  -1 ,  214 

Clay,  blue  with  a  greenish  cast. 

^<trdof  well  on  lot  284^  Uoshinjt  Mourul  {midway  betireen  Velaseo  and  Almn),  Brazoria 

Cminty. 

Feet. 

Black  surface  clay 0-    4 

Pale  blue  clay 4  -  12 

Red  clay 12-25 

Yellow  loamy  sand,  rather  fine 25  -  45 

Blue  gumbo 45  -  85 

Blue  quicksand 85  -130 

Blue  clay  filled  with  small  white  shells 130  -152 

Blue  quicksand 152  -172 

Blue  gumbo,  very  tough 172  -233 

Blue  sand,  fine  grained,  with  black  spocks;  first  indication  of  oil.  233  -239 

Sand  with  nome  clay 239  -378 

Blue  sand,  coarse,  with  black  specks;  some  oil  near  bottom 378  -423 

Blue  clay  with  some  small  shells 423  -465 

Coarse  blue  sand  with  black  specks 465  -500 

Blue  sand  with   some  brown  layers,   contains  iron  j)yrite  and 

some  small  shells 500  -530 

Soft  blue  day  with  small  shells 530  -535 

Blue  clay  with  larger  shells 535     555 

Blue  day  with  few  shells 555  -580 

Blue  gumbo,  ver>'  tough :  shells 580  -595 

Tough  blue  clay  with  few  shells 595  -628 

Blue  sand  with  gravel  and  some  sliells ()28  -632^ 

Blue  sand  with  coarse  black  particles 632J-642| 

Blue  clay  with  large  shells 642.^  054 

Blue  clay  with  shell  fragments 654  -674 
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Feet. 

Blue  sand,  gravel  with  black  particles;  considerable  gas 674  -684 

Blue  sand  with  many  black  particles;  good  show  of  oil  from 

688  to  692  feet 684  -692 

Bluish  sand,  coarse;  shows  oil  saturation 692  -711 

Tough  blue  clay  containing  shells " 711  -720 

Tough  blue  gumbo  containing  bowlders 720  -722 

Blue  clay  and  sand ;  show  of  oil 722  -728 

Blue  clay  with  thin  layers  of  sandstone , 728  -735 

Tough  blue  gumbo 735  -755 

Blue  gumbo  with  thin  layers  of  sandstone  and  limestone 755  -778 

Blue  sand  with  iron  pyrites;  some  show  of  oil  at  778  feet 778  -783 

Tough  blue  gumbo  with  thin  layers  of  sandstone  and  limestone; 

considerable  iron  pyrites 783  -786 

Blue  gumbo  with  shells. 786  -793 

Sand  with  iron  pyrites;  "oil  show " 793  -794 

Tough  blue  gumbo 794  -799 

Very  hard  blue  clay  with  rock  2  to  6  feet  thick,  mostly  limestone.  799  -825 

FORT  BEND  COUNTY. 

Shallow  weUs. — Water  in  sufficient  quantity  for  ordinary  domesi 
purposes  is  obtained  throughout   Fort  Bend  County   at  depths 
15  to  40  feet. 

Deep  weUs. — A  few  deep  pump  wells  have  been  sunk.     Two  on  t 

Cunningham  farm  near  Sugar  Land  are  1 ,000  feet  deep.     The  to\ 

of  Richmond  derives  its  water  supply  from  a  pump  well  400  ff 

deep.     The  following  is  a  list  of  some  of  the  deeper  wells  in  tl 

region. 

Deep  wells  in  Fort  Bend  County. 


Owner.  I  Depth.  Capacity 

_     _         I 


Ffft. 

T   W.Houso I        Wl.'y 

Do 1     1.000 

City  watt-trworkH 400 

Cunningham  farm '     1 .  000 


Galloru. 
00 


Location. 


Do 1.000  1 1  Do. 


Areola,  2  miles  south  we?) 

Richmond. 
Sugar  Land. 


HARRIS   (  OUXTY. 

Shiilhnv  vjells. — Good  shallow  wells  have  been  bored  in  Har 
County,  at  Clodine,  Erin,  Katy,  and  Ueopwater,  and  it  is  believ 
that  wells  of  this  character  may  be  obtained  throughout  the  couni 
In  the  vicinity  of  Clodine,  on  the  rice  farms  of  the  Meadow  Bro 
Company,  the  wells  are  generally  150  feet  deep  and  10  inches 
diameter,  the  water  rising  within  15  to  20  feet  of  the  surface.  Wc 
on  the  J.  II.  O'Donnell  farm,  at  Erin,  are  less  than  100  feet  de 
and  penetrate  40  feet  of  water-bearing  sand.  At  Katy  the  two  wc 
of  J.  E.  Cabaniss  are  93  and  94  feet  deep. 

Artesian  wells. — There  are  about  140  artesian  wells  in  Har 
County,  80  of  these  beting  at  Houston,  where  the  artesian  wa 
resources  have  been  better  developed  than  in  any  other  part  of  t 
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B  City  water  supply  of  Houston  is  derived  from  60  artesian 
I  have  been  drilled  in  an  area  of  14  acres  lying  on  either 
Falo  Bayou.  The  general  distribution  of  these  and  other 
lis  in  Harris  County  is  shown  in  PI.  II  (p.  2),  and  the  fol- 
es  contain  all  available  information  concerning  them: 

Artesian  wells  in  Harris  County. 


Owner. 


wells) . 


<ton  ami  Northern  U.  11. 


R.  R. 


-yCo. 


!  I>epth. 


Feet. 
570 
520 
«J70 
475 
t>15 
470 
500 
450 
050 
rtOO 
90 
250 
250 
700 
300 
CrfiO 
G40 

070 


Gallons. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 


Flow  per    Diame- 
minute.         ter. 


Location. 


440 
380 
450  , 
4.'iO 


440 
217 

330 
340 
340 
340 
330 


300 
344  I 
324 
330  I 
290  ' 
310  i 
180 
210 

500 
4.50 
<»5 
4fX) 
240  I 

HS  I 
1S()  i 

rm 
i.V)  ' 

300 
2(X) 

'lOO 

.S0() 

w» 

242 


Inches. 


70 


GtiO  I     Flows. 
440-500       Flows. 


350 
170 

Flows. 

Flows. 

Flows, 

Flows. 

Flows. 


Flows. 

Flows. 

Flows. 

Flows. 

Flows. 
Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 
Flows. 

Flows. 

Flows. 

FlOWB. 

100 

Flows. 
Flows. 
Flows. 
Flows. 

Flows. 
Flows. 

Flows. 
Flows. 
Flows. 

35 

209 
104 
249 
2.tO 
4f«) 
Flows. 
4<) 

u.-. 


4.T 

175 


Webster,  1  mile  south. 

Webster. 

Webster,  i  mile  east. 

Webster,  3  miles  northeast. 

Webster,  1  mile  north. 

Do. 
Webster,  3  miles  east. 
Webster,  J  mile  northeast. 
Oonoa. 

Do. 
Genoa,  2  miles  north. 
Genoa,  2  miles  south, 
(ienoa,  4  milea  south. 
Genoa. 

Genoa,  1  mile  south. 
Seabroolc,  3  miles  northeast. 
Sea  brook,   IJ   miles   north- 
east. 
Seabrook,  I  mile  northeast 
Seabrook. 
La  Porte. 

Do. 
La  Porte,  Spillway  Inland, 
strange. 

Do. 
Morsan  Point. 

Wooster,  1  mile  west. 

Deepwater. 

Deepwater,  1  milo  north. 
Deepwater,  1}  miles  north. 
Deepwater,  2  miles  north. 
Deepwater,    1    mile   south- 
east. 
Deepwater.    1    mile   north- 
east. 
Deepwater,  2  miles  north- 
west. 

Do. 
Deerspark. 

Do. 

Do. 
Pasadena. 

Do. 

Do. 

Do. 
Harrisburg,  1  mile  east. 
Alameda,  1.5  miles  north. 
Alameda,  3.5  miles  east. 
Aldinc,  i  mile  northeast. 
A  Id  i  no,  4  miles  southeast. 
-Vldino.  5  miles  northwest. 
.Mdlne,  4  miles  west. 
Barker,  2  nillej*  south 
Addicks,  3  miles  southwest. 
Humble. 
Iloiiaton. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Artesian  wells  of  waterworks  at  Houston j  Harris  County. 


No. 

Depth. 

Diam- !              xi« 

Depth. 

Feet. 
183* 
314 
703 
692 
192 
204 
802 

1,170 
814 
502 

1,165 
317 
319 
823 

1.185 

1,171 
292 
314 

1,173 

Diam- 
eter. 

1 
Inches.] 

4 

8  1 
8 
8 

I 

V. 

8  i 
10 

'i! 

9 

12  1 
8 
12 
12  1 

No. 

1  Depth.  1  \ 

Feet. 

140 
140 
80 
140 
140 
140 
140 
154 
312 
328 
130 
328 
292 
292 
460 
460 
564 
115 
493 

Inches}}, 

15   1  20 

38 

39 

'    Feel.   1  / 
325 

2 

6  '    21   . 

684 

3 

6  ii  22 

40 

41 

42 

43 

44 

45 

211 

4 

15  I'  23.    -    . 

'        319  1 

5 

15  !|  24 

1        720  ' 

6 

7 

8 

15    1  25 

15      26 

6      27 

8|    28 

6      29 

6      30 

4    1  31 

8    1  32 

8  1    33 

8    '34 

6  I'  35 

8      36 

6    1  »> 

8      37 

'1 

806  ' 

496, 

800  ' 

9 

46 

47 

48 

49 

50 

51 

52 

5.3 

54 

5.'> 

1  185 

10 

11 

12 

13 

,     2,018    .. 

1,214 

i     1,305 

1  280  ' 

14 

15 

936 

%)6 

1« 

1^;::::::;:::::;: 

19 

V.'.'.'.W      .wi 

1         828 

635 

Recxml  of  well  No.  .iS,  lloaslon^  Harris  Comity. 

Feet. 

Surface  soil 0-  3( 

(lay 3a    AA 

Sand  and  rock 44  -  74 

Clay 74-  8^ 

Sand  and  gravel 89-  9.'^ 

Wiitc  clay 93-137 

Sand 137-21C 

Clay  and  gravel 210-29( 

White  sand  and  gravel,  water  hearing;  hard  lo  finish 290-31( 

( 'lay  and  gravel 31  (>-35(; 

Red  sand 356-39:^ 

( 'lay  and  gravel 39ii-45( 

White  clay  and  gravel 456-49( 

Sand,  <lay,  and  gravel 496-514 

Sand 514-52(i 

Gravel 526-53^ 

Clay 532-570 

Limestone 570-571 

Sand  and  gravel 571-585 

Clay 585-600 

Hard  rock 600-602 

( May f>02-608 

Saiul 608-^)18 

( 'lay 618-658 

( May  and  gravel ()58-668 

Sand 668-678 

Clay  and  sand 678-687 

Sand : 687-7a5 

( 'lay  and  <;ravel 705-745 

Sand 745-756 

Whih'  (lay 756-772 

Water-hearing  sand 772-814 
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Record  of  deep  well  at  Houston,  Ilarris  County. 

Feet. 

Clay  and  sand 0  -     154 

Sand,  water  bearing 154  -     161 

Clay 161  -    163 

San<l 163  -     210 

Hsiy , 210  -     280 

Sarm<l 280  -    312 

n»i,y 312  -     345 

iU>ok 345  -    345i 

Sax^d 345i-    350 

^l^y 350  -    415 

Sa^r^d 415  -    420 

Cla.y 420  -    465 

Sand 465  -    502 

<^l^y 502  -     540 

Sand 540  -    570 

^"Is^y 570  -     605 

Sand  and  gmvcl 605  -     643 

^aty 643        670 

Sand  and  gravel 670  -     702 

^'lu.y 702  -     745 

Sstnd 745  -     769 

^l^y 769  -    779 

'^aa.nd 779        805 

^^^y 805  -    810 

^^»^d 810  -    835 

^^^^y 835  -    895 

^^x^d 895  -    940 

^^^y ; 940  -1,134 

^o^:k 1, 134  -1, 137 

?^^d 1, 137  -1, 179 

P^-^y : 1,179  -1,236 

^^^^d 1,  236  -1, 314 

^^>^k 1,314  -1,315 

r^^y 1,315  -1,334 

^'^rid 1,  334  -1,  368 

^'^^y 1,368  -1,430 

^^nd  and  gravel 1, 430  -1, 470 

^'l^y  and  rock 1 ,  470  -1,  600 

^^ock  wi  th  gas 1 ,  600  -i ,  605 

^^ay 1 ,  605    1 ,  895 

^and 1,  895  -1,  907 

^^lay 1 ,  907  -2, 025 

<;at.vk8T<)X  coixtv. 

^hallaw  wells. — -In  Galveston  County  th(»  avora<i:o  depth  of  shallow 
^ells  is  25  feet. 

Artesian  wells. — Tlie  lo<ij  of  tlie  deep  well  at  (ialveston,  bored  al)out 

1892,  clearly  indicates  that  artesian  water  could  l)e  found  in  the  coast. 

region  at  much  shallower  depths  than  that  reacluMl  by  this  l)orino;. 

The  record  down  to  the  water-l)earin<;  sand  is  jj^iven  l)elow.     There  are 

at  present   about   90    artesian   wells   in   Galveston  County.     Their 
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approximate  location  is  shown  in  PI.  II.  The  most  important  gro^ 
of  these  wells  is  located  18  miles  from  Galveston,  at  Alta  Loma,  whe 
30  wells  have  been  drilled  on  both  sides  of  the  Santa  Fe  Railwi 
track.  The  original  contract  for  these  wells  specified  that  33  wei 
should  be  bored  and  a  supply  of  5,000,000  gallons  every  twenty-foi 
hours  guaranteed.  When  30  wells  had  been  sunk,  the  yield  wa 
9,000,000  gallons  every  twenty-four  hours,  4,000,000  gallons  moi 
than  the  contract  amount.  The  wells  are  located  in  a  line  that  trenc 
nearly  north  and  south,  and  there  are  about  an  equal  number  on  eac 
side  of  the  railroad  track.  They  are  provided  with  pipes  that  conne< 
with  mains  to  a  standpipe  on  the  north  side  of  the  track.  The  wel 
are  about  86S  feet  deep,  and  all  receive  their  water  from  a  bed  t 
water-bearing  sand  128  feet  thick,  which  rests  upon  a  layer  of  bar 
clay.  This  water  horizon  was  encountered  in  all  wells  at  a  depth  ( 
740  to  750  feet,  but  s(mie  were  not  bored  through  the  water-beariri 
sand.  The  following  table  shows  the  depths  of  wells  on  the  south  sid 
of  the  railroad : 

Partial  list  of  wells  at  Alta  LoitM,  Galveston  County. 


No. 


'  l>opth, 


I  Dianuv  ij 


No. 


4.. 

8.. 
10. 


Ffct. 
792 

S('»8 

809 
7«*2 


Incnrn. 

7 
7 
7 
5 


IS. 
i  20.. 


Depth. 


Feet. 
788 
800 

83S 
71K) 
775 


i  Diamc- 
1     ter. 


Inches. 
5 
5 


I 


!  22, 
I  24. 

I  26. 

i| 

li 


Na 

Depth. 

DIan 
ter 

) 

726 
733 
745 

Incm 

1 

) 

Record  of  mil  at  Alta  Lonia.  (!alve.^lo7i  County.** 

Feot. 

Surface  soil 0      4 

(May 4-  12 

Qui(ks;in(l 12-  18 

VcTv  rod  clay 18-25 

Red  quicksand 25-35 

(May 35-37 

Quicksand 37-  40 

RcmI  and  white  clay 40-100 

Sand,  water  bearing;  no  How 100-123 

White  clay 123-150 

Red  clay 150-173 

Very  hard  re<l  clay 173-190 

Hard  and  soft  clay 190-208 

Soft  red  clay 208-218 

Hard  clay 218-230 

Quicksand 230-385 

Hard  and  soft  white  clay 385-435 

Soft  white  clay 435-478 

White  sand  and  clay 478-^88 

Very  hard  shell  rock 488-489 

Whit<'  water-hearing  sand:  lirst  llow 489-494 


a  I nfoniint ion  furnished   by  E.  H.  Stobard. 
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Feet. 

Hard  white  clay .• 494-500 

Soft;  white  clay 1 500-514 

HaiZxl  and  soft  white  clay 514-560 

Hard  white  clay 560-590 

Quicksand 590-611 

Hai-d  clay 611-620 

Soft  clay 620-631 

Han-d  and  soft  clay 631-703 

Sa.nd  and  clay 703-735 

Bard  white  clay 735-740 

Sand,  water  bearing 740-868 

Hard  red  clay 868- 

Artesian  wells  in  Galveston  County. 


Owner. 

Depth. 

Flow  per 
minute. 

ChUlant. 
200 

(«) 

Diame- 
ter. 

Location. 

r 

C    D.  Collogue  .                                     

Feet. 
640 
675 
700 
620 
600 
750 
550 
700 
675 
640 
640 
640 
600 
650 

Inches. 

Dickinson. 

W.  H.  Crawford 

8 
6 
6 
6 
6 

Dieklniinn,  1  mflf*  ea^t. 

J.D.Ward.-                                     

Dickinson;  2^  miles  east. 
Dieldnftnn.  2  mflpii  pttmt. 

C.  C.  MUt 

4 

10 

2 

100 
100 
100 
100 

F.Fonts....                   

Dickinson,  1  mile  south. 

John  WilHflmfl 

Dickinson.  2  miles  north. 

^      SamSaloets                     

Dickinson,  |niile  northeast. 
Dickinson,  U  miles  east. 
Dickinson,  imile  southwest. 
Dickinson. 

[  ^■ir':': 

-     JoeLohJl 

Do 

'     ^  Do 

Charles  Nolan 

Do. 

Do. 

Dickinson,  1  mile  south. 

Do 

^'•H.  Collier 

Dickinson,  2i  miles  south. 
Dickinson,  i  mile  south. 



;     NiooUni.                              ]          . 

640 
750 
550 
530 
526 
562 
410 
420 
690 
763 
406 
300 
306 
60 
88 
88 
763 
180 
710 
720 

230 
495 
433 
420 
500 
763 
576 
702 
720 
fiOO 
914 

867 

630 
WJO 
72.> 
912 
r»40 
•►44 
872 

RA.  Walker'     "  '.  

40 
40 
40 
40 
25 
25 
20 
57 
80 
80 
25 
30 
10 
12 
12 
25 
15 
100 
80 

25 
65 
10 

80 
48 
64 
68 
120 
78 
60 
40 

700 

nO 
•So 
70 
70 
40 
40 
Flows. 

I*.^Clty. 

A.  W.  Wilkeraon 



2 

3 

a** 

2 
2 
2 
2 
3 
2 

I 

3 
3 
2 

I 

2 
3 
3 
3 
3 
3 

10 

4 

3 

8 

'           Do.. 

Do. 

J.C.Leagije 

Do. 

^•RReSel.          

Do. 

Do. 

Do. 

Mn.  L.  C^ura.V.' 

Do. 

*ra  R.  T.  WTioeler 

Do... 

Hitchcock,  k  mile  east. 
Hitchcock     mile  north. 

A  Ij-Tacquard 

Do ... . 

Hitchcock,  8  miles  west. 
Hitchcock  7  miles  west. 

Do...    

Hitchcock  6  miles  west. 

Do...: 

Hitchcock,  7  miles  west. 
Hitchcock,  8  miles  west. 
Do. 

Do..      

Do...:: :: ': 

Ja«iue«  Tacquard 

Do. 
Do. 

A.  H.  Tacquard  (home) 

Hitchcock,  1*  miles  west. 
Hitchcock,  2  miles   south- 

A. M,  TacQuard  (Dasture) 

Joles  Perthiiis 

west. 
Hitchcock,  2  miles  east. 

Do.. 

w-^ReitiiMiV^;::::::::::;::::::::::::::::: 

Do 

Do. 
Hitchcock.  1§  miles  west. 
Do. 

JJIiwen 

J  A.Minot 

David  Tahey 

B.F.Fast. 

Gulf,  Colorado  and  Santa  Fe  R.  R 

J  H.Kemper 

AltaUma*Co 

Oaiveston,  Houston  and  Henderson  R.  R... 

W.McCllntoc 

Galveston,  Houston  and  Northern  R.  R 

J  R.  M vers              

Hitchcock,  1  mile  east. 
Hitchcock,  i  mile  south. 
Hitchcock,  U  miles  east. 
Hitchcock,  2i  miles  west. 
Hitchcock.  100  yards  east. 
Hitchcock,  1  mile  east. 
Hitchcock,   4  miles   north- 

W<'8t. 

Hitchcock,  4  miles  east,  at 

La  Marque. 
Bay  View. 
F.dkewater. 
Tf^xas  City. 

Irnnan  Compress  Co 

South  Galveston  Land  Co 

Do. 
Mld<lU»  of  island. 

Do 

Gal vn'ston  Brewing  Co 

Do. 

o  Water  rises  10  f«^t  above  surfa 
IKR  190-07 3 

<Xi. 

6  Wate 

r  rises  8  feet  above  surface. 

\ 
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Record  of  deep  well  at  Galveston, 
Pleistocene:  F«««. 

Gray  to  buff  sand 0-  ^ 

Reddish-brown  clay  containing   lensee  of  sandstone,    quartz 

pebbles,  nodules  of  dark-gray  clay,  and  shell  fragments 46-63 

Mottled  re<l  and  blue  clay  containing  shell  fragments  and  in 

lower  part  lignitic  material 63-100 

Gray  sandy  clay 100-UO 

Fine  ^y  sand  with  fragments  of  lignite 110-167 

Buff-colored  sandy  clay 167-279 

Fine  gray  sand  with  fragments  of  lignite 279-305 

Grayish-brown  clay  with  fragments  of  lignite 305-315 

Fine  sand,  gray  to  buff,  with  fragments  of  lignite  throughout 

bed  and  lower  35  feet  slightly  micaceous 315-440 

Grayish-brown  clay  with  fragments  of  lignite,  shells,  corals,  and 

claw  of  crustacean 440-458 

Age  doubtful: 

Gray  sandy  clay,  slightly  micaceous 458-468 

Bn)wnish-gray  sandy  clay 468-497 

Fine  light-gray  clayey  sand,  micaceous 497-575 

Brownish-gray  sandy  clay 575-592 

Gmy  siind,  micaceous 592-612 

Brownish  sandy  clay  with  shell  fragments 612-647 

Light-gray  sandy  clay 647-674 

RiHidish-brown  sandy  clay  with  shell  fragments 674-706 

Buff-colored  sand,  slightly  micaceous 706-720 

Bn)wnish-gray  clayey  sand 720-737 

Light-gray  clayey  sand,  the  lower  11  feet  containing  a  few  shell 

fragments  and  large  pieces  of  lignite 737-827 

C'(^arse  silver-gray  sand,  com]X)sed  of  angular  fragments  of  trans- 
lucent and  smoky  quartz  not  nuich  water-worn  (the  water- 
bearing sand  from  which  ma«»t  of  the  city's  w^ater  supply  was 
dorivtMl  previous  to  the  utilization  of  the  Alta  Loma  wells). . .  827-882 

This  well  was  drilled  to  a  depth  of  3,070  feet,  but  practically  no 
water-bearing  sand  of  importance  was  found  below  882  fe^t.  The 
complete  record  is  published  in  the  Twenty-first  Annual  Report  of  the 
U.  S.  Geolopcal  Survey,  part  7,  pages  402-405. 

CHAMBERS   COUXTY. 

Shallow  wfll^. — Beneath  the  surface  soil  in  Chambers  County  there 
is  a  bed  of  sand  which  extends  to  a  depth  of  30  feet  or  more.  In  its 
lower  part  this  sand  contains  an  abundance  of  excellent  water  which 
is  the  source  of  supply  for  all  shallow  wells  in  the  region. 

Artesian  weUs. — There  are  17  artesian  wells  in  Chambers  County  and 
their  approximate  location  is  indicated  in  PI.  II.  At  many  places 
artesian  water  has  been  obtained,  but  it  is  salty  in  many  cases,  espe- 
cially in  wells  near  the  bay. 
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Artetian  wells  in  Chambers  County. 


Owner. 


E-   V.Barber 

}«A^  Fisher 

*.  C  Fisher  (estimat<?)  a . 

I>»".  N.  Schilling 

Do 

B«iTiey  Donelly 

A^inca  Lawrence 

C-  R.  Ctimmlngs  Co 

Do 

JoftuiCook 

W.  D.  Wilcox 

J.  X.WWtea 

D.  r..  BrouBsard 

Sol.  Brown 

II  u^  Jackson 

Jaxnes  Jackson 

Davidson 


^P*°i  minute. 


Location. 


Feet. 
800 
550 
500 
700 
700 
375 
500 
400 
400 
380 
850 

1.720 
850 
800 


.000 
fiOO 


Oallons. 

Flows. 

Flows.  I 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 
35 

Flows. 
100 
100 
100 
100 
100 


Mount  Belvicu. 

Mount  Belvieu,  10  miles  south. 

Cedar  Bayou. 

Do. 

Do. 
Mount  Belvieu,  3  miles  south. 
Mount  Belvieu,  5  miles  south. 
Anahuac,  4  miles  north. 

Do. 
Wallisvllle. 
Anahuac,  Turtle  Bayou. 

Double  Bayou. 

Do. 
Double  Bayou,  15  miles  southeast. 
Double  Bayou,  15  miles  northeast. 
Near  Stowell. 


o  Water  salty. 


JBFFER80X  COITNTT. 

Shall&w  weUs, — The  wells  of  Jefferson  County  are  very  shallow, 
ranging  from  6  to  15  feet  in  depth.  Many  of  those  6  feet  deep  furnish 
an  abundance  of  water. 

Artesian  weUs. — Information  has  been  obtained  of  about  31  arte- 
sian wells  in  this  county,  but  such  wells  are  not  generally  successful. 
Many  of  them  have  feeble  flows,  making  it  necessary  to  employ  pumps 
to  increase  the  discharge,  while  in  other  cases,  where  the  flows  are 
sufficiently  large,  the  water  is  more  or  less  salty.     A  large  number  of 
wells  have  been  drilled  for  oil  in  the  vicinity  of  Spindletop,  south  of 
Beaumont.     The  following  is  a  Ust  of  artesian  wells  in  Jefferson 
County,  with  other  data  concerning  them.     A  record  of  the  Stribling 

well  is  also  given. 

Artesian  wells  in  Jefferson  County. 


Owner. 


I  . 


W.C.TyrreU.... 
fl.  De  Mondrot . 


Port  .\rthur 

McKinney 

Jefferson  Rice  Co 

Jes  Garland 

J.W.Denny  

H.  C.  Wheeler  (6  wells) . 

D.N.Coffol 

A.  J.  Snoulfer 

Do 

C.T.Hcisig 

Do 

Do..: 

Doctor  Price 

H.  Aldridge 

Geo.  J.  McManis 

H.Aldridge 

Geo.  J.  McManls 

Do 

Do 

Do 

R.  P.CarroU 

C-ourt-house  o 

Natatorium  b 

Hot^-lfe 

J.  F.  Keith  c 


Depth. 

Feet. 
180 
430 
450 
020 
530 
450 
2(50 
230 
306 
1«0 
200 
230 
ISO 
IfiO 
KM) 
13.J 
IHO 

i:i5 

17H 
2<i7 
ISO 

2S0 

74.-. 

1\H) 

1.0<.-) 

.->;{4 


Flow  per 
minute. 


Location. 


Oallons. 

Slight. 
25 
40 

Slight. 

Slight. 
65 

SUght. 

Slight. 
25 
2.5 
2.5 

Slight. 
No  flow. 
Nv.  flow. 

Slight. 

Slight. 
20 

Slight. 
20 
20 
20 
45 
2.')  '■ 
30 
I.tO 
1(X) 
10 


Hampshire,  IJ  miles  south. 
Hampshire,  IJ  miles  north. 


StowoU,  2  miles  oast. 


Port  Arthur. 
Sal»inc  Pass. 
Bi^aimiont. 


a  Diameter,  3  inches. 


''  Diaiuotor,  4\  inches. 


c  Diameter,  0  inches. 
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Record  of  Stribling  well,  Sabine  PasSt  Jefferson  CourUy. 

^  Feet. 

Red  clay 0-      16 

Red  sand 16-      20 

Red  clay 20-      60 

White  sand 60-      80 

Red  clay 80-    140 

Coarse  sand 140-    170 

Blue  clay 17Q-    185 

Whitesand 186-    220 

Soft  blue  clay 220-    236 

Fine  white  sand 236-    250 

Hard  blue  clay 250-    260 

Whitesand 260-    270 

Blue  clay 270-    355 

Whitesand 355-    426 

Blue  clay 426-    442 

Interbedded  sand  and  clay 442-    500 

Whitesand 50O-    600 

White  sand  with  gravel  at  bottom 600-    636 

Blue  clay  with  streaks  of  sand 636-    740 

Sand : 740-    764 

Sand  and  coarse  gravel,  all  colors 764-    795 

Hard  sandstone /. 795-    796 

Blue  shale 796-    854 

Hard  sandstone 854-    855i 

Blue  shale 855i-    892 

Sandstone 892-    893 

Fine  white  sand 893-    960 

Soft  blue  clay 960-1, 000 

Fine  white  sand 1,  000-1, 260 

Blue  and  white  shale 1,  260-1,  270 

Fine  white  sand 1,  270-1, 360 

White  and  blue  clays 1,  360-L  450 

^Vhite  eand 1,  450-1, 490 

Solid  white  and  blue  shale 1,  490-1,  500 

ORANGK  COUNTY. 

Shallow  wells. — The  deepest  of  the  shallow  wells  of  Orange  Couii 
are  about  22  feet  in  depth,  and  a  large  supply  of  water  is  usua 
obtained. 

Artesian  wells. — There  are  a  few  artesian  wells  at  Orange,  varyi 
in  depth  from  400  to  800  feet.  Their  flows  are  moderate,  but  f< 
exceeding  50  gallons  a  minute.  A  partial  list  of  these  wells  is  giv 
below: 
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Artesian  wells  in  Orange  County. 


Owner. 

Depth. 
Fed. 

eoo 

467 
467 
500 
650 
480 
800 
740 
386 
435 

Flow  per    Diame- 
mlnute.        ter. 

Location. 

OaOofu. 
15 
21 
22 
10 

Inches. 

°'X; 

4 

3 

Do. 

Do. 

It 

Do. 

52 

Slight. 

60 

6 

Do. 

Orange,  0  miles  northwest. 
8  miles  from  Beaumont. 

6 

rleans  Railroad 

Echo. 

35 

Echo,  1   mile  from  Sabine 

River. 

ZAPATA  COUNTY. 

eUs, — Shallow  wells  are  difficult  to  obtain  in  the  northern 
ita  County.  Near  the  Rio  Grande  and  along  the  eastern 
jounty  water  can  be  obtained  at  moderate  depths,  but  in 
nds  the  depths  of  the  wells  vary  from  100  to  250  feet. 
veils. — No  information  has  been  received  concerning  the 
ditions  of  this  county. 

DUVAL.  COUTjTTY. 

>«/&. — Wells  in  Duval  County  can  be  obtained  at  depths 
n  50  to  300  feet. 

oeUs. — No  artesian  wells  have  been  reported  from  Duval 
rtesian  water  is  found,  however,  in  the  southern  part  of 
nty,  in  the  northeastern  part  of  Starr  Coimty  and  at 
>n  the  Texas  and  Mexican  Railroad,  in  the  eastern  part  of 
ty.  The  northern  part  of  Duval  County  lies  between 
1  districts;  that  at  Kingsville,  Nueces  County,  and  that 
Lasalle  County.  Artesian  water  is  also  obtained  in  the 
it  30  miles  north  of  the  northern  boundary  of  Duval 


I 


r. 


LIVK  OAK  COUNTY. 

eU^. — Shallow-well  water  is  obtained  in  the  southern  and 
^  of  Live  Oak  County,  at  depths  of  100  to  120  feet;  in 
part  at  about  200  feet,  and  in  the  northern  part  at  300 
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Artesian  wells. — Artesian  water  is  found  in  the  northern  part  of  this 
county.     The  following  table  gives  a  list  of  the  artesian  wells: 

Artesiaii  wells  in  Lire  Oak  County. 


Owner. 

Depth.     Flow. 

Location. 

Geo.  W.  West 

Feet. 

155     Sli^t.. 
226.  Slight.. 
375  1  SmaU... 
450         (a) 

OakvUle,  13  miles  northwest. 

Do 

Thos.  R.  T.  North 

OakviUe. 

C.  T.  Tom  ...                                                 -          -          - 

OakviUe.    18    miles    north- 

Mrs. B.  McGloln. . . . 

150  1  Flows  . . 

west. 
Near  Mllceska. 

o  Water  at  6  feet  below  surface. 

Shallow  weUs. — In  the  northern  and  southern  parts  of  Bee  County 
wells  have  an  average  depth  of  about  40  feet,  in  the  eastern  part  about 
70  feet,  and  in  the  western  part  about  100  feet. 

Artesian  wells, — No  infonnation  has  been  obtained  regarding  the 
artesian  condition  of  this  county.  There  are  at  present  no  artesian 
wells  in  Bee  County. 

GOL.IAI)  COUNTY. 

Shallow  well^i. — In  Goliad  County  water  is  found  in  shallow  wells  at 
depths  varying  from  50  lo  125  feet. 

Artesian  wells. — There  are  no  artesian  wells  in  this  county.  On  the 
ranch  of  T.  M.  O'Connor,  6  miles  south  and  20  miles  east  of  Goliad,  on 
^he  head  of  Little  (/arco  Creek,  a  boring  was  made  to  a  depth  of  1,446 
feet,  but  no  artesian  water  was  obtained. 

KARXT^S  CX>I'NTY. 

Shallow  v^ells.  —In  Karnes  County  a  good  supply  of  water  is  obtained 
from  shallow  wells  having  the  following  average  depths:  In  the  north- 
em  part,  ()()  feet ;  in  the  eastern  part,  SO  feet ;  in  the  southern  part,  90 
feet;  in  the  western  part,  120  feet. 

Artesian  urlh. — There  are  at  i)resent  no  artesian  wells  in  Karnes 
County.  At  Karnes  City  a  test  well  was  sunk  to  a  depth  of  1,800  feet, 
but  no  artesian  water  was  found.  It  is  possible  that  more  extensive 
pr()S])ecting  in  other  parts  of  the  county  may  result  in  the  discovery  of 
flows  at  shallower  depths. 

1>EWITT  COUXTV. 

Shallow  ?y.Y7/,s.  -  Througliout  Uewitt  County  shallow  wells  are 
obtained  at  an  average  depth  of  about  55  feet.  The  principal  w'ater 
supply  appears  lo  lie  in  sheets,  so  that  the  depths  of  the  wells  varj" 
according  to  the  el(»vation  of  the  surface. 
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^Tfman  wells. — The  only  artesian  water  thus  far  obtained  in 
''^^^itt  County  is  at  Yorktown  and  Yoakum.  At  Yorktown  there 
^ere  formerly  8  or  10  small  artesian  wells,  flowing  5  gallons  a  minute 
Mid  varying  in  depth  from  50  to  60  feet,  but  at  present  only  two  of 
these  flow,  the  others  having  been  allowed  to  cave  in  or  to  become 
choked  with  sand  at  the  bottom.  The  two  wells  which  continue  to 
flow  are  in  the  bed  of  Yorktown  Creek.  Many  of  the  wells  in  the 
town  show  a  strong  artesian  tendency,  the  water  rising  within  10  feet 
of  the  surface.  At  Yoakum  several  deep  wells  have  been  drilled  and 
in  nearly  every  case  the  water  rises  within  a  few  feet  of  the  surface, 
but  no  wells  are  recorded  in  which  flows  were  obtained.  In  the  deep- 
est well,  1,300  feet  deep,  the  water  is  soft,  relatively  pure,  and  admira- 
^iy  suited  for  general  domestic  uses.  It  is  noncorrosive  and  well 
adapted  to  boiler  purjwses.  According  to  some  analyses  it  contains 
^Jily  42  grains  of  solid  matter  per  gallon  and  no  organic  matter. 

Jiewrd  of  H.  G,  BrovorCs  cartesian  toellj  7i  miles  southwest  of  Cuero,  Dewilt  County, 

Feet. 

Hed  and  yellow  clay,  with  cobblestone 0-      60 

Hard  rock,  finegrained "60-120 

Water-bearing  sand 120  -    121 

Gravel  and  clay,  hardpan 121  -    181 

Very  hard  gritty  rock 181  -    202 

Sandstone !..       202  -    365 

Yellow  clay  and  hard  rock 365  -    490 

Sand ,  water  bearing 490  -    690i 

Stratified  rock 690i-    710 

Red,  white,  and  blue  clay 710  -    805 

**  Talc,  '*  with  an  occasional  layer  of  red  and  blue  clay 805  -1. 050 

Pale-blue  "talc;"  strong  indications  of  vater 1 ,  050  -1, 100 

Clear  glassy  rock,  soluble  in  acid;  slacks  if  exposed  to  the  air. .   1, 100  -1, 130 

GONZALES  COUNTY. 

STiaUow  weUs. — The  shallow  wells  of  Gonzales  County  show  consid- 
^a.ble  variation  in  depth,  ranging  from  20  to  80  feet. 

-Artesian  weUs. — In  the  western  part  of  Gonzales  County  the  arte- 
ia.li  water  resources  have  been  extensively  developed.  There  are  125 
artesian  w^ells  in  the  vicinity  of  Leesville,  Rancho,  and  Wrightsboro. 
*hey  vary  considerably  in  depth,  ranging  from  100  to  700  feet,  and 
^rieir  maximum  flow  is  100  gallons  a  minute.  The  average  flow,  how- 
^^er,  is  much  less  than  this,  as  shown  in  the  following  table,  which 

^^ntains  a  partial  list  of  these  wells,  with  their  depth,  flow,  and  approxi- 

Daate  location. 
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Artesian  weUs  in  Gonzales  County. 


Post-oflloe  And  owner. 


Distanoe  and  direction  from    t\»„*k    ^1 
pont^ffloe.  ^P^^v 


Wrigbtsboro: 

J.  O.  Bamett 2  miles  southwest . 

R.  R.  Hlnton IJ  miles  northwest. 

■'  *  2  miles  west 

2^  miles  northwest. 
3  miles  southwest . . 

....do 

3  miles  northwest. . 
i  mile  northeast 


1  mile  northeast. 
100  vards  south.. 
imUe  southeast. 


I  mile  west 

li  miles  northeast . 
l|  miles  northeast . 
1  mile  southwest.., 
J  mile  northeast... 


W.  T.  Mahon 

Do 

W.  B.  Houston... 

Do 

H.  G.  Bamett 

J.  D.  Tankersley.. 
Dewet: 

J.  D.  Tankersley.. 
W.  L.  Caraway... 

Do 

J.  R.  Keadings. . . 

John  Worthy 

F.  M.  Caraway... 

John  Caraway 

M.  V.  Caraway... 
Albert  Tankersley 

E.  O.  Perkins |  |  mile  south 

Leesville: 

Jay  Mahan  « 3  miles  southeast 

Do 

W.  F.  McOlassonb 
C.  C.  Littlefleld... 

Do 

Do 

Do 

Do 

Do 

John  Bratton 

Do...., 

Jno.  Qlazier 

F.  C.  Baker 

W.  M.  Carr 

GusScofJe 

Otto  McNemar 

J.A.Williams 

K.J.  Hawkins.... 

J.  E.  Martin 

Davenport 

J.B.Wells 

Do 

Do 

Do.c 

Do.d 

Do.  * 

Do./ 

Do 

Do.d 

Do 

Do.' 

Do 

S.  A.  Brown 

W.  H.  Brown 400  yards  east 

Do 300  yards  east.. 

Do I  600  yards  north 

F.  M.  Caraway... 
J.  G.  MeGuflin... 
S.  A.  Hubbard... 
Doctor  LittleHeld 

Do 

Do 

J.  P.  Watkina.... 

I.  A.  Pruett 

Dr.  J.  M.  Fly 

Do 

A.  B.  Holmes 

Geo.  Bro^^Ti 

Geo.  Williams 

J.  C.  West 

J.  M.  Caraway __ 

Sol.  Gordon 5  miles  southwest 

W.  H.  Brown ,  0  miles  southwest 

Gus  Vamer fi  miles  west 

Kuncho:  I 

II.  Wicke I  §  mile  northeast 

Do !  1  mile  northeast 

W.  M.  Mangum ^  mile  east 

Do I  2  miles  north.. . 


do. 
do. 
1^  miles  south 

2  miles  northwest 

3  miles  west-northwest . . 

2  miles  west 

1}  miles  northwest 

2  miles  west 

h  mile  southwest 

1  mile  south 

i  mile  southwest 

1  mile  northeast 

11  miles  north 

2$  miles  north 

2  miles  north 

2i  miles  northT 

2  miles  north-northeast. . 

1  mile  southwest 

4  miles  west-northwest . . 
1 J  miles  north 

3  miles  northwest 

3-1-  miles  northwest 

2  miles  northwest 

2h  miles  northwest 

2|  miles  northwest 

■  miles  northwest 

miles  north 

.  miles  north 

3i  miles  north 

3  miles  north-northwest. 

...do 

200  yards  north 


50  yards  west. 

250  yards  southwest. 

150  yards  southwest. 

75  yards  south 

50  yards  west 

750  yards  south 

500  yards  southwest. 

200  yards  east 

100  yards  northeast . , 
135  yards  northeast. . 

400  Va  rds  west 

500  yards  north 

3.t0  yards  west 

300  yards  northeast. . 
200  vards  northeast. . 


Feet. 

640 

420 

363 

400± 

316      I 

406 

347 

269 

200±  i 

313 

200± 

311      ! 

528 

500± 

260± 

300± 

268± 

231 

222 

627 

176 

600± 

3604: 

350± 

212 

284 

216 

470± 

250± 

448 

500± 

439 

400± 

435 

480± 

400± 

2«0± 

250± 

185 

200± 

180 

200± 

200± 

200 

200 

250 

350 

350 

200 

350 

441 

504 

643 

450 

460 

143 

100 

166 

160 

490 

160± 

250± 

170± 

170± 

488 

450± 

200± 

450 

170 

420 

450 

350 

180 
297 
500 
300 


•1  First  water  at  li^  feet:  second  at  222. 
b  Four  wells  with  4-inch  pipe  casing. 
c  Casing,  3-inch  pipe. 


d  First  water. 

f  Casing,  6-inch  pipe. 

/  Casing,  4-inch  pipe. 


G0KZALE8   COUNTY. 
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Artenan  wells  in  Gonzales  County — Contiuuef' 


Post-oflfioe  and  owner. 


aclio— Conti  nued. 
nr.    M.Mangum.. 

^axx-ies  Pace 

>oc5tor  Green 

Do 

Do 

Do 

^-     T.Davis 

-     J.New 

^^.  Littleton... 

^K^.  Murray 

^jKjal  Murray 

"^■'is.  Murray 

_    '^^.U&gte 

~     A.Wniiama.. 
P.  McDonald.. 

^*.  Nixon 

^^"Orge  Mc Peters. 
-  ^ I.  Patterson... 
t  «-w.C.  E.  Hall... 

^«    C.Hall 

_        Do 

S-illerA  Sayers... 

^.  U.Magee 

^«  ^^'einert 

*-  D.  Houston 

^.  L.  Weber 

^eo.  Parks 

.^    Do 

yrank  Clark 

^.B.  Clark 

8.  W.  Fanning 

M.  G.  Fanning 

Jeff  Patterson 


Do.<i 


Distance  and  direction  from  ..1 
post-offlce. 


1  mile  east-northeast 

3  miles  east 

1}  miles  northeast 

do 

3  miles  northeast 

I  mile  northeast 

250  yards 

200  yards  east 

1  mile  northwest 

400  yards  north 

1  mile  north 

500  yards  southeast 

100  yards  south 

U  miles  north 

l|  miles  north-northwest. . 

1  mile  southwest 

I  mile  northwest 

1  mile  east 

I  mile  northeast 

600  yards  northeast 

24  miles  northeast 

100  yards  east 

4^  miles  east-northeast 

5  miles  southwest 

3|  miles  south 

4  miles  southeast 

3  miles  southeast 

4  miles  southeast 

14  miles  east 

if  miles  east 

2}  miles  east-northeast 

3  miles  eas^northeast 

3i  miles  east 


Feet. 

186 

360 

420 

176 

400- 

326 

609 

450 

140 

130 

180 

230 

476 

300 

280 

400 

117 

270 

300 

360 

460 

386 

430 

406 

420 

637 

631 

606 

400 

300 

260 

226 

337 

460 

700 


Dopf-  ^oLTur 


Gallons. 
30 

6 
20 
10 
12 
15 
10 

6 
10 

4 
10 

6 
15 

6 

5 

6 

7 
10 

1 
25 
10 
20 
16 
10 
16 

3 
40 
30 

7 

6 
15 
13 

6 
26 
10 


"This  well  has  two  casings,  one  inside  the  other.    The  outer  is  450  feet  deep  and  furnishes  salt 
water  (25  gallons)  and  gas.    The  inner  Is  700  feet  deep  and  furnishes  good  water. 

The  following  is  the  record  of  a  representative  artesian  well,  situ- 
ated on  the  Gentry  ranch,  on  Sandy  Fork  of  Peach  Creek,  12  miles 
northeast  of  Gonzales. 


Record  of  Charles  Gentn/s  artesian  welly  Gonzales  County. 

Feet. 

Clay  and  flint  bowlders 0  -  45i 

Rock  45i-  46 

Blue  sand  and  clay 46  -  68 

Blue  clay,  very  little  sand 68  -157 

Hard  sandstone,  fine  grained   (10  inches  of  water  sand   at   this 

depth;*  trace  of  oil;  lignite  plentiful) 157  -195 

Sand,  water  and  oil  bearing 195  -195^ 

\Vhite  quartz , J953-196J 

Sandstone  nard,  fine  grained  (trace  of  oil) 196J-218 

Blue  clay 218  -220 

Sandstone  (trace  of  oil) 220  -222 

Black  clay,  containing  decayed  \vckh\ 222  -228 

Sandstone  (trace  of  oil) 228  -263 

Blue  marl 263  -285 

Quartz 285  -286 

Blue  marl,  spongy 286  -304 

Shale  with  soft  strata 304  -321 

Hard  blue  sandstone 321  -339 
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Feet. 

Hard  cement  rock 339-37 

Clay,  sand,  and  shell 378-38i 

Rock ..' 380-38 

Clay,  sand,  and  shell 381-38 

Hard  rock 383-38 

Clay  and  sand  (trace  of  oil) 384-40 

Dark  blue  clay  and  sandstone 405-40 

Clay  and  sand 406-41 

Clay  and  shell 410-46 

Clay,  little  shell;  thin  hard  rock  at  intervals 463-50 

Shells  and  clay 501-57 

Clay  and  shell  (water  bearing) 579-70 

Hard  rock 708-70 

liAVACA  COUNTY. 

Shallow  wells. — An   abundance   of  water  is  obtained   in  La 
County  from  wells  which  vary  in  depth  from  30  to  40  feet. 

Artesian  wells, — A  number  of  good  artesian  wells  have  been  obta 
in  Hallettsville  and  the  surrounding  country.  In  the  wells  at 
lettsville  two  flows  have  been  found,  one  at  300  feet  and  the  oth< 
560  feet  below  the  surface.  The  oil-mill  well  encoimtered  the 
flow  at  320  feet,  which  furnished  a  supply  of  45  gallons  per  mir 
while  the  second  flow  at  a  depth  of  560  feet  furnished  88  gallo 
minute.  At  Shiner  a  flowing  well  was  obtained  at  a  depth  of  90 
which  yielded  79  gallons  a  minute.  The  well  was  located  on 
ground  and  the  water  rose  6  feet  above  the  surface.  Several  attei 
to  obtain  water  from  this  horizon  on  higher  ground,  in  the  vicinit 
Shiner,  have  been  unsuccessful,  one  boring  being  continued  to  a  d< 
of  700  feet  without  striking  a  flow.  The  following  is  a  list  of 
artesian  wells  in  this  county: 

Artesian  wells  in  Lavaca  County. 


Owner. 

Depth.  1 

'              1 

Flow  per 
minute. 

Diame- 
ter. 

Inches.   1 

!                  Location. 

Citv 

'    Fffl.   j 
1        (iOO  , 

Gallons 

:« ; 

45 

140  ' 
30  1 

1 30', 

1              25  , 
!  Failure.  | 
i do. . .. 

Hallettsville. 

*Do..r 

Do 

Do 

Oil  mill 

Ice  factory 

500 

j        32o 

;        980 

5tiO 
'        M) 

Do. 
Do. 
Do. 
Do. 

J    Koiislcr 

'        70S  ' 

4  1 
4  1 

4  , 

Drcslau 

C.  Pagelest 

Traiitwine  &  Waltors. 

1        340' 

j          90  1 

Hallettsville.  4  miles  i 
Shuier. 

Unknown 

;      700  1 

Do. 

Oil  Company. . . 

'     1,500  i 

Hallettsville  7  railed 

1           1 

cast. 
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rAYETTE  COUXTY. 

ShaHaw  wells, — ^Water  in  sufficient  quantity  for  general  domestic 
purposes  is  found  in  the  northern  and  western  parts  of  Fayette  County 
at  average  depths  of  60  feet,  in  the  southern  part  at  depths  of  75  to 

100  feet,  and  in  the  eastern  part  at  depths  of  40  to  75  feet. 
Artman  wells. — There  are  20  artesian  wells  in  this  county,  including 

a  few  deep* ones;  the  area  in  which  the  greatest  number  has  been 

drilled  lies  north  of  Engle.     The  average  depth  of  these  wells  varies 

from  200  to  300  feet  and  the  maximum  flow  is  100  gallons  a  minute. 

The  following  is  a  list  of  the  wells,  including  their  depth,  flow,  and 

other  data: 

Artesian  wells  in  Fayette  County. 


OMmer. 


JohnSima 

Mn.VyvJftla 

Do....._ 

x^sm^ 

co^Sil^v:;;:;:::: 

l^s^M^h^... 

^trathem  Paeiflc  R.  R. 


Depth. 

Flow  per 
minut«. 

Diame- 
ter. 

Feet. 

Gallons. 

Inches. 

196 

25 

3 

216 

15 

3 

220 

50 

3 

210 

10 

3 

210 

18 

3 

185 

16 

3 

165 

10 

3 

200 

10 

2 

260 

a40 

0 

258 

a  87 

6 

267 

a43 

5 

300 

0  79 

3 

275 

a54 

3 

300 

o79 

3 

762 

(«»)' 

10 

Ix)cation. 


Praha. 

Do. 

Do. 

Do. 
Engle.  2  miles  northwest. 

Do. 

Do. 

Do. 
Schulenburg. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


■No  flow;  water  rises  to  number  of  feet  stated  lx»low  surface  of  ground. 


COIiORADO  COUNTY. 


6  Well  caved  in. 


ShUow  weUs. — Shallow  wells  in  Colorado  County  are  about  40  feet 
in  the  northern  and  western  parts,  35  feet  in  the  southern  part, 
and  30  feet  in  the  eastern  part.  East  of  Eagle  Lake  there  are  a  num- 
ber of  wells  30  to  35  feet  deep,  which  furnish  a  large  supply  of  good 
water.  Two  wells  supply  water  for  100  acres  of  rice,  each  acre  of 
which  requires  9  gallons  a  minute,  and  it  is  generally  believed  that  a 
good  rice  well  can  be  obtained  at  moderate  depths  in  this  county  at 
any  point  east  of  Eagle  Lake. 
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Artesian  weJls, — So  far  as  known  the  only  artesian  well  in  Colorad 
County  is  located  on  the  west  bank  of  Colorado  River  at  Columbu; 
This  well  was  bored  by  the  city  for  water  supply,  and  it  has  mair 
tained  a  steady  but  small  flow  for  years.  The  water  contains  a  sma 
amount  of  gas.     The  record  of  this  well  is  given  below: 

Record  of  artesian  well  at  Columbus,  Colorado  County, 

Feet. 

Sand  and  gravel 0-  29 

Soft  rock 29-37 

Fine  gravel 37-41 

Blue  gravel 41-  54 

Yellow  clay 54-99 

Hard  rock 99-101 

Yellow  clay 101-104 

Conglomerate  rock 104-110 

Yellow  clay 110-190 

White  sand,  water  bearing 190-198 

Yellow  clay 198-210 

Hard  bowlders 210-212 

Yellow  clay 212-214 

Red  sandstone 214-220 

Yellow  clay 220-221 

Soft  rock 221-223 

Yellow  clay 223-226 

Concrete  rock 226-233 

Light-red  clay 233-280 

Bowlder  bed .'.... 280-281 

Yellow  clay 281-283 

Bowlder  rock 283-285 

Yellow  clay 285-289 

Yellow  sandstone 289-290 

Yellow  clay 290-302 

Hard  sandstone 302-304 

Wliite  clay : 304-309 

Red  sandstone 309-311 

Light-yellow  clay 311-319 

Yellow  sandstone 319-321 

Yellow  clay 321-412 

Slato  and  clay 412-454 

Red,  white,  and  blue  clay 454-583 

Blue  saud;  flowing  water,  8  gallons  a  minute 583-600 

Hard  blue  clay 600-620 

Fine  blue  sand;  flowing  g-as 620-633 

Shells  and  old  logs 633-637 

Blue  clay 637-658 

Wliite  pottery  clay 65S-675 

Fine  white  sand;  flowing  water 675-683 

Red  and  blue  clay 683-730 

Hard  rock 730-739 

Hard  blue  clay 739-793 

Fine  blue  sand,  hard .  79a-807 

Fine  rock  (bored  into  19  feet). 
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ShaUaw  wells.— A  good  supply  of  water  is  obtained  from  shallow 
wells  in  the  western  part  of  Austin  County  at  an  average  depth  of  30 
feet;  in  the  southern  part  at  40  feet,  in  the  eastern  part  at  60  feet, 
and  in  the  northern  part  at  about  50  feet. 

Artman  weUs. — No  artesian  wells  have  been  reported  from  this 

county,  although  it  is  probable  that  they  can  be  obtained  along 

Brazos  River. 

WAIiliER  COUNTY. 

SlaUow  weUs. — In  Waller  County  shallow  wells  vary  in  depth  from 
35  to  50  feet. 

Artman  weUs. — Only  a  few  artesian  wells  have  been  drilled  in 
Waller  County,  the  data  of  some  of  which  are  tabulated  below.     The 
most  successful  free-flowing  wells  are  found  near  Brazos  River. 
Artesian  wells  in  Waller  County. 


Owner. 


I>«Pth.    ^^^Z,^'  Diameter. 


Wtterworks 1, 132 

Heher  Stone 485 

RofiaHarty 850 

J.  C.  Ralston 1,700 


Oallons. 

no 

40 


Inches. 


Location. 


Hempstead. 

Hempstead,  5   miles   north- 
west. 
Hempstead,  6  miles  south. 
WaUer,  4  miles  south. 


WA8HTNGT01Sr  COUNTY. 

ShiUow  weUs. — A  good  supply  of  excellent  water  is  obtained  in 
Washington  County,  at  various  deptlis,  ranging  from  20  to  60  feet. 
Artesian  weUs. — Only  a  few  artesian  wells  have  been  drilled  in  this 
county,  a  list  of  which  is  given  below.     It  is  probable  that  artesian 
wat€r  can  be  found  in  the  eastern  part  of  the  county,  in  the  Brazos 
l>ottom  lands,  but  owing  to  the  excellent  supply  of  water  from  non- 
flowing  wells  few  attempts  have  been  made  to  develop  artesian  water. 
A  few  years  ago  Heb^r  Stone  had  a  well  drilled  in  Brenham  to  a 
depth  of  1,500  feet,  but  no  flowing  water  was  obtained.     The  water 
A)se  in  the  well  within  40  feet  of  the  surface,  and  it  is  believed  that 
irells   penetrating  the    same   water   horizon   in   the  Brazos  bottom 
lands  WH)uld  yield  flows.     The  city  of  Brenham  derives  its  water 
supply  from  wells  between  .300  and  400  feet  deep.     The  following  is 
a  list  of  the  artesian  wells  in  this  county. 

Artesinn  udls  in  Wdnhiiujlon  County. 


Owner. 


T.  Balbridge 

Rof>ert  Moore... 

Do 

r.  I'.  Buchanan. 

fohn  Carlisle 


Df'pth. 


Ff-ft. 
fi4() 
;M() 
7(X) 

'Ayo 


Flow.     Dianiotor. 


Location. 


Inches. 

Flows Gabail.  300  yards  northw»'st. 

Flows...  2     OM  Washington. 

Flows.. .  2 

Strong Chai:H^l  Hill,  0  miios  north- 

I  ,      oast. 

Flows...' I  Chapel  Hlll.niNir. 
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GRIMES  COUNTY. 

Shallow  weUs, — ^Water  from  shallow  wells  is  obtained  in  the  eastern 
part  of  Grimes  Coimty  at  a  depth  of  30  feet;  in  the  southern  part,  at 
35  feet;  in  the  western  part,  along  the  Navasota,  at  30  feet,  and  in 
the  northern  part  at  depths  of  50  to  60  feet. 

Artesian  weUs, — Good  artesian  water  is  obtained  in  and  around 
Navasota  and  between  Navasota  and  Brazos  River.  The  following 
table  shows  the  artesian  wells  of  Grimes  County: 

ArteMan  u^elU  in  Grimes  County. 


Owner. 


R.  A.  Sangstor 

A.  J.  San^tor 

Icefactoiy 

Mrs.  Lewis  Wilson. 

August  Horst 

City  waterworlcs... 

Shumalcer 

J.M.  McCord 

Do 


Tx._#*,  '  Flow  per !  Dlame- 
^P^^lminulc.  I     ter. 


1 


Feet.   , 
300  I 
225 
2.'iO 
224 

1,000 
97 
101 
850 
900 


QiMOJM. 

00 

+  15 

+20 


Strong. 
Medium. 


Inches. 
2 


Location. 


NaTasota. 

Navasota,  i  mile  south. 

Navasota. 

Do. 

Do. 

Do. 

Courtray,  J  mllo  southes*^ 
Courtu<5y,  I  mile  east. 


Soil. 


Record  of  Navasota  welly  Grimes  County, 


Feet. 
0- 


Clay 2-  18 

Sand • 18^  29 

Blue  clay •. 29-  94 

Slato 94-114 

Blue  clay 114-216 

Rock 216-220 

Water  sand 220-237 

Bluesliale 237-277 

Rock 277-280 


Analysis  of  water  f win  de^p  well  at  Navasotay  Grimes  County. <^ 


Part^  per  million. 

Sodium  (Na) 140.0 

Magnesium  (Mg) 8.  8 

Calcium  (Ca) 43. 0 

Chlorine  (CI) 79.0 

Sulpliate  radicle  (SO^) 41.0 


Parts  per  millin 

Carlxmate  nwlicle  (COg) 16H- 

Sulphates  of  inm  and  aluminum ...     15- 
Organic  matter 38. 


Wi 


a  Expn*ssofI  by  analyst  in  grains  jmt  pillon  and  h>'x>othctical  combinations;  recomputed  to  parts  p« 
uiilliou  and  ionic  form  at  U.  S.  (»eol.  Survey. 
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L.IBKRTY  COUNTY. 

Shallow  wells. — ^Water  from  shallow  wells  is  secured  throughout 
Liberty  County  at  depths  of  15  to  25  feet. 

Artesian  weUs. — The  Gulf,  Colorado  and  Santa  Fe  Railroad  has  deep 
wells  at  Trinity  River  and  Cleveland.  Records  of  these  wells  and 
analyses  of  their  waters  are  given  below.  The  following  table  con- 
tains a  list  of  flowing  artesian  wells  drilled  in  Liberty  County: 

Flowing  ortetMn  wells  in  Liberty  County. 


Owner. 

[  Depth. 

Dlarae- 
ter. 

Distance  and  direction  from 
UhcTty. 

J.T.  Rasaell  

1 

•    Feet. 
290 

Inches. 

mile  south. 

Do 

'        300 

80O 

150 

240 

mile  southeast. 

Soolhem  Paelflc  R.  R 

300  yards  southeast. 
1  mile  west. 

FUter 

Melon  turn 

i  mile  south. 
Do. 

Do 

245 

576 



Texas  and  New  Orleans  R.  R 

6 

Record  of  deep  well  at  Trinity  River,  Liberty  County. 

Feet. 

Red  clay 0-    8 

Sand 8^  38 

Clay SSr-  60 

Rock  and  clay 60-104 

Quicksand 104-117 

Rock 117-119 

Clay.: 119-121 

Rock 121-133 

Clay 133-145 

Rock 145-151 

Coarse  sand 151-163 

Soapstone 163-194 

Rock 194-196 

Sand 196-203 

Rock 203-210 

Clay f  10-220 

Rock 220-240 

Water  sand 240-290 

Clay 290-300 

Analysis  of  water  from  deep  urll  at  Trinity  Riirr,  Librrttj  Coiiniy.'^ 

Parts  i)cr  million.  Parts  per  millior'. 

Sodium  (Na) 19.0      ('arlxmato  radirlo  iCOg) 7.0 

Magnesium  (Mg) 4.4      Silica  (SiOj) 14.0 

<  alcium  (Ca) 38. 0     Organic  matter 50. 0 

ChlorinoCCl) 16.0  ■                                                             

Sulphate  radicle  (SO4) 20.  0  305.  4 

bicarbonate  radiclr  (HCOg) 137. 0 

•  Expressed  by  analyst  Ir  grains  ix-r  ^'alion  hh'I  hypothotlcal  rornbinations;  n'<'()inpiite<l  to  parts  per 
liflion  and  ionic  form  at  U.  S.  <iool.  Survey 
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Record  of  deep  well  at  Cleveland^  Liberty  County, 

SoU , 0-       4 

Yellow  clay 4-  ^^ 

Yellow  sand 24-1O0 

Clay lOO-lOS 

Sand 108-131 

Rock 131-132 

Clay  and  coarse  sand 132-140 

White  sand  rock 140-142 

Yellow  clay 142-160 

White  sand  rock 160-16 1 

Yellow  sand 161-165 

White  sand  rock 165-166 

Yellow  clay 166-236 

Sand 236-246 

Clay 24^-288 

Open  water  sand 288-367 

Rock 367-368 

Analysis  of  water  from  deep  well  at  Cleveland  ^  Liberty  County.^ 
[Analyst,  W.  A.  Powers.] 
Parts  per  million.  Parts  pei  inLLU 

Silica  (SiOa) 27  i  Chlorine  (CI) ^ 

Calcium  (Ca) 43  i  Organic  matter 3- 

M^nesiiim  (Mg) ^^  |  ^^^1  ^^^^^ "^ 

Sodium  (Na) 12  |  , — ^ 

Carbonate  radicle  (CO3) .  .  . — 74  j  Free  carbonic  acid  (COj) 1 ' 

Sulphate  radicle  (SO4) 113  \  CarV)onic  acid  combined  as  HCOj. .     S- 

MONTGOMERY  COUNTY. 

Shallow  wells. — Shallow  wells  in  Montgomery  County  vary  in  dep 
from  30  to  50  feet. 

Artesian  wells. — The  Gulf,  Colorado  and  Santa  Fe  Raih-oad  has 
deep  well  at  Bobbin  and  an  artesian  w(»ll  at  Conroe.     Records  of  thei 
wells  and  analyses  of  their  waters  are  given  below. 

•  Record  of  well  at  Bobbin,  Montgomery  County, 

Feet. 

Soil 0-    2 

Clay 2-12 

Sand 12-28 

Clay 28-78 

Quicksand 78^  90 

Sandstone 90-101 

Clay 101-114 

Water  sand 114-134 

Clay 134-234 

Sand 234-264 

Rock 204-309 

Clay 309-343 

o  Expn^ssod  by  analyst  In  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  parts  p 
million  and  ionic  form  at  U.  S.  Qeol.  Survey. 


MONTGOMERY    COUNTY.  45 

Feet. 

IU)ck 343-347 

Slate 347-383 

Rock 383-390 

Slate 390-464 

Hock 454-457 

Slate 457-480 

Analysis  of  water  from  deep  well  at  Bobbin^  Montgomery  Cownty.^ 


Part"  per  million. 

Sodium  (Na) 90 

Magneeium  (Mg) 14 

Calcium  (Ca) 110 

CUorine  {CI) 167 

SiUphate  radicle  (SO4) 11 

Bicarbonate  radicle  (HCO,) 358 


Parts  per  million. 

Carbonate  radicle  (CO,) 65 

Silica(SiOa) 27 

Sulphates  of  iron  and  aluminum  .        27 
Organic  matter 70 
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Record  of  well  at  Conroe,  Montgomery  County. 

Feet. 

Red  clay 0-  12 

Rock 12-  13 

R«d  clay 13-  69 

Sand 69-  89 

Red  clay 89-  133 

Hard  yellow  clay 133-  153 

Joint  clay 153-  182 

Water  sand 182-  193 

Soft  clay 193-  248 

Hard  clay 248-  265 

Rock 265-  267 

Hard  clay 267-  280 

Rock 280-  285 

I^  sand  bed 285-  297 

^ay 297-  340 

Rock 340-  343 

Clay 343-  363 

Rock 363-  365 

Blue  clay 365-  489 

Light  clay 489-  500 

Soft  clay 500-  575 

Rock 575-  577 

Water  sand 577-  642 

Blue  clay 642-  680 

Water  sand 680-  740 

Clay 740-  790 

Soapetone 790-  831 

Red  clay 831-  888 

Soapetone 888-  924 

Clay 924-  976 

Rock 976-  978 

Clay 978-1,003 


I  Expressed  by  analyst  in  grains  per  gallon  nnd  hypothetical  fombinrttions:  recomputed  to  parts  per 
liion  and  ionic  form  at  U.  S.  Geol.  Survey. 

IKR  190—07 4 
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Feet. 

Rock 1,0(»-1,0()4 

Sand 1,004-1,008 

Red  clay 1, 008-1, 033 

Soapstono 1, 033-1, 073 

Rock 1,073-1,075 

Sand 1, 075-1. 125 

Soapstono 1, 125-1, 169 

Rock , 1, 169-1, 170 

Clay 1, 170-1, 190 

Rock 1, 190-1, 192 

Cla  y 1 ,  192- 1 ,  212 

Sand ^ 1, 212-1, 234 

Rock 1,234-1.236 

Analysis  of  water  from  deep  well  at  Conroe^  Montgomery  County.  <» 

Parts  per  million,  j  Parts  per  milUon. 

Sodiiira(Naj 41  ;  Silica  (SiOj) 21 

Magnesium  (Mg) 16  i  Organic  matter S8 

ralcium(Ca) 73  I  —I 

Chlorine(Cl) 48  |  *^ 

Carbonate  radicle  (CO,) 170  ' 

WAIiKER  COUNTY. 

ShaXLow  wells. — Water  is  procured  from  shallow  wells  in  Walker 
County  at  depths  varying  from  35  to  45  feet. 

Artesian  wells. — There  are  no  artesian  wells  in  Walker  county,  but 
it  is  believed  that  they  could  be  obtained  throughout  its  area.    The , 
numerous  flo^\^ng  streams  in  the  county  and  the  shallow  depths  at 
which  nonflowing  wells  may  be  obtained  have  decreased  the  demand 
for  artesian  water. 


SAN  JACINTO  COUNTY. 

SJuillou)  wells. — In  San  Jacinto  County  shallow  wells  vary  in  depth 
from  35  to  GO  feet. 

Artesian  wells. — There  are  no  artesian  wells  in  this  county.  At 
Oakluirst,  7  miles  east  of  Dodge,  a  well  was  drilled  to  a  depth  of  1,052 
f(»et,  penetrating  hard  rock  the  greater  part  of  the  distance,  but  no 
flowing  water  was  obtained.  It  is  generally  believed  that  the  pros- 
pects for  artesian  water  in  this  region  are  very  poor. 

rOLK  COUNTY. 

Shalhw  wells. — The  average  depth  of  shallow  wells  in  Polk  County 
is  30  feet. 

Artesian  vrlls.— There  is  little  demand  for  artesian  water  in  Polk 
County,  owing  to  the  numerous  small  flowing  streams  and  the  shallow 
depths  at  which  nonflowing  wells  may  be  obtained. 

a  Kxpn'ss<««i  by  aimlysi  in  grains  jht  gallon  uinl  hypothetical  combi nations;  recomputed  to  fMiitsper 
million  and  ionic  form  at  r.  S.  Cicol.  Survey 


I 


DETAILS    BY    C?OUNTIE8.  47 

HARDIN  COITNTY. 

SJuiUow  weUs. — The  shallow  wells  of  Hardin  County  vary  in  depth 
from  15  to  30  feet.  The  county  is  well  drained  by  the  small  flowing 
streams  that  empty  into  Neches  River  or  Pine  Island  Bayou. 

Artesian  weUs. — In  this  county  there  is  little  need  for  artesian  water 
and  consequently  no  artesian  wells  have  been  drilled.  Deep  wells  are 
owned  by  the  Santa  Fe  Railroad  atSilsbee,  Dies  (Kountze  post-office), 
and  Votaw.  Records  of  these  wells  and  analyses  of  their  waters  are 
given  below. 

Record  of  well  at  Silsbee,  Hardin  County. 

Feet. 

(lay  and  sand 0-  88 

Sand 88-288 

Blue  sand 288-374 

Yellow  clay 374-392 

Water  sand 392-466 

Clay 466-468 

Analysis  of  water  from  de£p  vrll  at  Silsbee,  Hardin  County. o^ 

Parts  per  million.                                                            Parts  per  million. 
Sodium  (Xa) 24. 0     C  arbonato  radicle  (CO,) 9. 5 


Magnesium  (Mg) 5.  9 

Calcium  ( Ca) 36 . 0 

Chlorine  (CI) 26.0 

Sulphate  radicle  (SO4) 15. 0 

Bicarbonate  radicle  (HCO,) 136. 0 


Silica  (SiOj) 19. 0 

Organic  matter 44. 0 


315.4 


Record  of  deep  well  at  Dies,  Hardin  County,  o 

Feet. 

Soil 0-    3 

Clay 3-  18 

Dry  sand 18-  66 

Dark  clay (i6-  75 

Water  sand 75-268 

Analysis  of  water  from  deep  well  at  IM^s,  Hardin  County.  " 

Parts  piT  million. 


Parts  pxT  million. 

Sodium  (Na) 33. 0 

Calcium  (Ca) 50.0 

Chlorine  iCl) 62. 0 

Sulphate  radicle  (SO^) 2. 2 

Carbonate  radicle  (CO3) 79. 0 


Silica  (SiOj) 45. 0 

Sulphates  of  in)n  and  aluminum. . .       7.2 
Organic  matter 37. 0 

324.4 


«Exprp$sf<l  by  analyst  in  grain.>  per  gallon  and  hypothoticul  combinations;  recomputed  to  parts  per 
million  and  ionic  fomi  at  U.  S.  Gcol.  Survey. 
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Record  of  vctU  at  Voiatc,  Hardin  Ccmnitf. 

FccC> 

(lay 0-18 

Sand 18-168 

<  V>arw  Band 168-203 

Fine  Fand 203-226 

<  'oarw-  j«and 22$-260 

(lay 200-265 

Open  waKT  sand 265-320 

Clay 320-354 

Rock 354-355 

Analysis  of  water  from  deep  well  at  VotaWj  Hardin  County. o 

Parts  per  million.  Parts  per  miUioo. 

Scxlium  (Xa) 2.7  Sulphatoe  of  iron  and  aluminum..    10.0 

Calcium  (Ca) 13.0     Oiiganic  matter 39.0 

Sulphate  iwlide  (SO4) 5. 8 


Carlwnate  radicle  (CO,) 19. 0 

Silica  (SiO,) 22. 0 


111.5 


TYIiER  COUXTY. 

Shallow  weUs, — In  the  southern  part  of  Tyler  County  the  wells  are 
about  20  feet  deep,  in  the  eastern  part  about  25  feet,  in  the  northern 
part  about  80  feet,  and  in  the  western  part  about  65  feet. 

Artesian  wells. — No  attempts  to  obtain  artesian  water  have  been 
made  in  this  county,  but  an  oil  well  was  drilled  near  Woodville  to  a 
depth  of  933  feet  without  finding  artesian  water. 

JASPER  C 01  XTY. 

Shall/yii)  wellfi. — Shallow  wells  in  Jasper  County  vary  in  depth  froH^ 
20  to  50  f(»ot. 

Artesian  irells. — So  far  only  three  artesian  wells  have  been  report £*^ 
from  this  county,  and  these  are  all  located  on  the  ranch  of  Wiess  ^ 
Sanders,  near  Wiess  Bluff,  in  the  southern  part  of  the  county.  VarioiX- 
data  concerning  these  wells  are  given  below.  There  is  a  deep  we  J 
at  Kirbyville,  a  record  of  which  follows,  also  an  analysis  of  its  water" 

Artesian  trelh  in  Jasper  County. 


Owner. 

Depth. 



Feet. 
1,062 

1.070 

Flow  per 
minute. 

Location. 

Wip8H  (^'  Siindors 

Gallonfi. 

45 
60 

WicHS   Bluff.  2)  miles  north  6^ 

Do 

cast. 
3  TnileH  north  8^  east. 

Do 

2 J  miles  north  7<»  east. 

a  Kxpresf*e<l  by  analyst  in  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  parts 
per  miilion  and  ionic  form  at  U.  8.  Geological  Survey. 
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Record  of  Wiess  &  Sanders  artesian  well  No.  /,  Jasper  County. a 

Feet. 

Fine  sandy  loam 0-        2 

Red  clay 2-      25 

White  sand 25-      75 

Yellow  clay 75^      96 

Fine  blue  sand 96-    129 

Yellow  clay 129-     156 

\Miitesand 156-    173 

Yellow  clay 173-    225 

Fine  blue  eand 225-    252 

Hard  yellow  clay 252-    386 

White  sand ' 386-    476 

Blue  clay 476-^    547 

Blue  sand 547-    569 

Hard  blue  clay 569-    579 

Coarse  white  sand 579-    628 

Blue  clay 628-    646 

Fine  blue  clay 646-    676 

Hard  blue  clay 676-    695 

Cojuist*  white  sand. . . .' 695-    750 

Hard  blue  clay 750-    759 

Soft  blue  clay , 759-    784 

White  sand v 784-    794 

Hard  blue  clay 794-    814 

Fragmentary  sand 814-    818 

Hard  blue  clay 818-    900 

Rotten  sandstone 900-    906 

Blue  clay 906-    913 

WTiitegand -913-    935 

Hard  blue  clay 93&-1, 002 

Coarse  white  sand 1, 002-1, 021 

Fine  gravel 1, 021-1, 038 

Coarse  gravel 1, 038-1, 052 

WTiite  sand 1, 052-1, 086 

Blue  clay 1, 086-1 ,  104 

White  sand 1,104-1,202 

Record  of  Wiess  4*  Sanders  artesian  well  No.  2^  Jasper  County. 

Feet. 

Fine  sandy  loam 0-        2 

Yellow  clay 2-        6 

Yellow  sand 6-      18 

Gray  clay 18-      27 

WTiite  sand 27-      50 

Yellow  clay 50-      83 

Fine  blue  sand 83-     117 

Blue  clay 1 17-     152 

White  sand 1 52-     173 

Blueclay 173-     234 

Fine  blue  sand 234       264 

Blue  clay 264       295 

Fine  blue  sand 295-    356 

Gray  clay 350-    426 


a  Capacity  of  this  well  is  16.5  gallons  a  minute,  or  237,000  gallons  every  twenty-four  hours. 
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Feet. 

Wliitesand 426-    520 

Blue  clay 620-    583 

Fine  i)lue  sanci 583^    620 

Blue  hard  clay 620-    631 

Coarse  white  sand 631-    684 

Blue  clay 684-    697 

Fine  blue  sand 697-    718 

Soft  stone 718-    756 

Hani  blue  clay 756-    768 

Coarse  white  sand ,  losrs  water  rapidly 76^    799 

Hani  blue  clay 799-    858 

Unable  to  tell  the  strata,  drills  like  oil  strata 853-    868 

Hard  blue  clay 868-    936 

Fine  blue  clay 930      949 

Hard  blue  clay 949      990 

White  sand 990-1, 012 

Blue  and  green  clay 1, 012-1, 039 

Hard  blue  clay. 

Record  of  deep  well  at  Kirbyville,  Jasptr  County. 

F<*t 

Yellow  clay 0-17 

Yellow  sand 17-34 

Coarse*  white  sand '. 34-  54 

Sand  and  gravel 54-  82 

Water  sand 82-212 

Blue  clay 212-227 

Ancdysis  of  water fr<tm  deep  vdl  at  Kirbyrille,  Jaspfr  Connty.a 

Parts  i)er  million. 

Magnesium  (Mgi 9.2 

Chlorine  (Cl) 2.5 

Carbonate  radicle  iCO^) 21.0 

Sulphates  of  iron  and  alinninuni 15.0 


47.7 
NKWIOX    C'OT'XTV. 

Shallow  ivdls. — Tho  avoraj^o  deptli  of  wolLs  in  Newton  County  is  35 
feet,  the  deepest  one  heiiitr  iii  tlie  northern  ])art. 

Artesuin  veils. — The  only  artesian  well  in  this  county  is  located  near 
Call  and  is  owned  l)y  the  Kirhy  Luni])er  Company.  This  well  is  796 
feet  deep,  4  inches  in  diameter,  and  has  a  How  of  3S  gallons  a  minute. 
Several  oil  wells  have  been  drilled  near  this  place,  but  no  artesian 
Hows  have  been  obtained. 

WKIJB   COl'XTY. 

Shallow  wells, — The  shallow  wells  of  Webb  County  vary  consider- 
ably in  depth.  In  the  western  part  they  have  an  average  depth  of  60 
feet;  in  the  northern  ])art,  425  feet ;  and  in  the  eastern  part,  375  feet. 
It  is  ver}^  difficult  to  obtain  water  in  the  southern  part  of  the  county. 

a  Expressed  by  analyst  In  grains  i>er  gallon  and  hypothetical  combinations;  recomputed  to  parts 
per  million  and  ionic  form  at  U.  S.  Ueoiogical  Survey. 
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p       Artesian  wells. — ^At  Bruniville,  a  station  on  the  Texas  Mexican 

P  Railway,  four  artesian  wells  were  drilled  for  A.  M.  Bruni.     They  are 

\  ^ach  325  feet  deep  and  flow  only  about  3  gallons  a  minute.     They  are 

located  on  1  acre  of  land,  just  south  of  Bruniville,  within  100  feet  of 

the  railroad  track. 

MAVERICK  COUNTY. 

Shallow  weUs, — It  is  difficult  to  find  water  in  Maverick  County.  In 
the  northern  part  one  well  w^as  drilled  to  a  depth  of  918  feet  without 
getting  water,  while  wells  in  other  localities  500  feet  deep  yielded  salty 
'irater. 

Artesian  wells. — So  far  as  can  be  ascertained  there  are  no  artesian 
'Wells  in  Maverick  County. 

DIMMIT  COUNTT. 

Shallow  wells. — ^In  the  Nueces  Valley  good  wells  are  obtained  at 
moderate  depths,  but  on  the  higher  lands  they  vary  from  100  to  150 
feet  in  depth. 

Artesian  weUs. — ^There  are  over  60  artesian  wells  in  Dimmit  County, 

ranging  in  depth  from  300  to  700  feet.     The  water  is  used  for  both 

stock  and  irrigation  purposes.     The  following  is  a  list  of  the  artesian 

wells  of  this  county,  with  depth,  flow,  and  other  data  concerning  them : 

Artenan  wells  in  Dimmit  County. 


Owner. 


F.M.Shaw 

Do 

Do 

,     Do 

J.  J.Webb 

TTios.  Paterson 

Do 

A.  Eardley 

Do 

^  Do 

W.A.Mance 

,     Do 

J-  L.  Hudson 

M.  J,  Dermann  (5  weils) 

,    Do 

J.  C.Owen 

Burton 

^  Do 

W.L.  Kendall 

,    Do 

J.  K.  Rector 

«.  L.  Oppenheimer 

Geoige  &  Wilkerson 

P.  Moehrig  (3  wells) 

W.B.  Rector 

Couran  A  Jeffrey 

Craiff 

Hugh  Knight 

Chas  Pollard 

A.  Richardson  (8  wells) 

M.  Schlmmelphenlng  Si  Bro.  (2  wolls; . 

McCaleb  &  McDaniel  (3  wells) 

ohipp  (2  wells) 

T  A.  Coleman  (2  wolls) 

0  Wmte 

Tom  Riggs 

T.  A  C^man 

F  J  Arnold 

Wm  George 

Bob  Lemons  (2  wells) 


Depth.  I    Flow. 


Diame- 
ter. 


-| " 


Feet. 

>35(M00 

500 
GOO 
650 

590-690 

600 
600 
500 
350 
400 
350 
315 
375 
350 
350 
600 
350 
600 

350-600 
3S2 
350 
325 
600 
600 

600-6.% 
600 
400 

32.5. 418 
.300 
3J0 
:<.50 

rio 

500 

350 

350,700 


a  Each. 


I  Gallons. 

150 

150 

Weak. 

Weak. 

150 

200 

20O 

1,400 

1.400 

1,400 

100 

No  flow. 

150 

125 

150 

IW 

125 

125 

150 

Weak. 

200 

125 

100 

also 

200 

100 

50 

3tO 

350 

100-600 


150,200 

58 

125-1.50 

f) 

100 

5 

oO.  75 

5 

125 

rl 

12.') 

5 

150 

4? 

20 

No  flow. 

(^i 

Distance  and  direction  from 
Carrlzo  Springs. 


2J  miles  north. 

Do. 
6  miles  northwest. 
5  miles  east. 

Do. 
4  miles  east. 

Do. 
5J  miles  east. 

Do. 

Do. 

4  miles  cast. 

Do. 

2  miles  northeast. 

3  mlle.s  north. 

Do. 
2J  miles  north. 

2  miles  north. 

Do. 

3  miles  north. 

Do. 

5  miles  east. 

I  mile  northeast. 
I  mile  north. 
25  miles  north. 

Do. 

Do. 
J  mile  east. 

5  niilo«  southeast. 

Do. 
0-10  miles  southeast. 

6  miles  southeast. 
5  miles  soulhoaat. 
4J  miles  southeast. 
.">  miles  south. 

10  mile.s  northwest. 
Do. 
Do 

5  miles  southeast. 
.'>J  miles  southeast. 

6  miles  southwest. 


I 
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Record  of  Eardley  Barosa  Creek  welL  Dimmit  County  (near  Carrizo  Spnmis). 

Feet 

Light  red  soil  and  clay 0-    3 

Pale  blue  clay 3-    9 

Sand  and  yellow  clay 9-  34 

Yellow  clay 34-64 

Pale  to  dark-blue  clay 64-99 

Sandstone,  a  little  salt  wat(»r,  no  flow 99-102 

Sticky  pale-blue  clay 10^152 

Blue  clay  containing  small  scams  oi  coal 152-252 

Sand  and  clay 252-297 

Fine-grained  sandstone 297-312 

Sand  and  clay 312-332 

Blue  clay 332-377 

Darker  blue  clay 377-417 

Sand  and  clay 417-462 

Fine  sand  rock.    Small  flow 462-522 

Sandstone;  flow  gradually  increased 522-682 

Fine  sand  and  clay 682-720 

ZAVAIiliA  COUKTY. 

SJiaUow  wells, — ^Water  from  shallow  wells  is  obtained  in  the  westei 
part  of  Zavalla  County  at  an  average  depth  of  50  feet,  in  the  southei 
part  at  a  depth  of  75  feet,  and  in  the  eastern  and  northern  parts  at. 
depth  of  100  feet. 

Artesian  wells. — Artesian  wells  have  been  drilled  in  the  westei 
and  southwestern  parts  of  the  county  along  some  of  the  tributaries  • 
Nueces  River.  The  following  list  of  wells  and  data  concerning  the: 
were  furnished  by  George  C.  Hermann,  of  Batesville. 

Artesian  wells  in  Zavalla  County. 


Owner. 


R.  R.  Ware 

Ed.  English 

Do 

Jas.  Oden 

B.  H.  Erskine 

N.  Y.  andT.  L.  Co. 

Do 

J.  r.  Turmun 

Ed.  English 

Do 

James  Oden 

B.  H.  Ersklnc 

Clift 

C.  Vandeve 

Bro\^'n  &  Williams. 


Depth. 


Flow. 


Ffct. 
211 
450  i 
450  I 
400  I 
250 
400  ' 
450  1 
^-iO  ' 
390  I 
410 
500  1 
420 
450 
310 
500 


T.  A.  Coleman  (4  wells) 4.'O-4(i0 


A.  Boynlon. 
Fratt  6i  11  a  vs.. 
I.  T.  Pryor.'... 

T.  Riggs 

A.  Boynton 

T.  A.  Colemnn. 
R.  R.  Ware.... 


Slight. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Slight. 
(«) 

Flows. 

Flows. 
400  I  Strong. 
260     Strong. 


400 
900 
.029 
420 
460 


DIam-   I  Distance  and  direction  fr< 
eter.     j  Batesville. 


Inches. 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
10 
10 
6 
6 
6 
6 


31  miles  south  56"  west. 
284  miles  south  46<»  west. 
28i  miles  south  46"  we«t- 

29  miles  south  49°  west. 

30  miles  south  50"  west. 
25  mUes  south  58"  west. 

25  miles  south  66"  west. 
28  miles  south  71"  west. 
28  miles  south  4r  west. 
28  miles  south  46"  west. 
28i  miles  south  48"  west. 
:«  miles  south  50"  west. 
27i  mUes  south  47"  west. 

28  miles  south  53"  west. 

26  miles  south  51"  west. 

31  miles  south  49"  west. 

29  miles  south  46"  west. 
25  miles  south  40"  west. 
16  miles  south  70"  west. 

28  miles  south  45"  west. 

29  mUes  south  46"  west. 

31  mUes  south  49"  west. 

32  miles  south  56"  west. 


o  Water  rises  within  10  feet  ol  surface. 
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liASAIiliE  COUNTY. 

Shallow  wells. — In  Lasalle  County  the  pump  wells  are  considerably 
deeper  than  those  in  adjoining  localities.  They  vary  from  150  to  200 
feet  in  depth. 

Artesian  wells. — There  are  27  artesian  witlls  in  this  county.  The 
area  of  greatest  development  in  well  boring  is  around  Artesia,  where 
a  number  of  wells  are  utilized  for  irrigation  purposes.  They  vary  in 
depth  from  200  to  500  feet  and  usually  furnish  a  strong  flow  of  good 
water.  At  CotuUa  the  International  and  Great  Northern  Railroad 
has  drilled  a  well  1,008  feet  deep,  but  the  water  is  slightly  impregnated 
with  salts  of  magnesia.  In  the  vicinity  of  DuH's  ranch,  in  the  north- 
eastern portion  of  the  county,  along  Frio  River,  there  is  a  well-devel- 
oped artesian  district.  The  following  is  a  list  of  the  artesian  wells  of 
the  county: 

Artesian  wells  in  Lasalle  County. 


Owner. 

Depth. 

Flow  per 
minute. 

Gallons. 
6 

^tir"                     Ix)catlon. 

1 

Intemitional  and  Great  Northern  R.  R 

Do 

Feet. 
900 

1,008 
486 
400 
764 
550 
550 

m 

:i50 
186 
400 
450 
600 
670 
670 
400 
450 
180 
650 
295 
306 
720 

310 
300 

797 

767 
800 

1 

Meters. 

.'..'.'.'..'.v. 

Cotulla. 
Do. 
Do. 

J.  W.  MrlnniR 

15 

t 

24 

it 
1 

20 
10 
10 
10 
10 
10 
10 
0 
0 
4 
4 
30 

12 
4 

100 

4 
0 

JwCntuHa 

Cotulla,  li  miles  north. 
Cotulla,  8  miles  west. 

A.  Armstrong 

J.M.Ramsey 

Do : 

Do 

Do 

Do 

J-  W.  Bucow 

6 
6 
6 

li 

6 
6 
6 
8 
8 
6 
6 

Artesia,  2  miles  northeast. 

Do. 

Do. 
Artesia,  1  mile  northeast. 
Artesia,  i  mile  northeast. 
Artesia,  4  miles  eaat. 

W.  H.  McWhorter 

Artesia,  1  mile  south. 

Kuhn 

Anderson  &  Sinclair 

Artesia,  6  miles  east. 
Artesia,  1  mile  northwest. 

Do 

r.n.S^Ryie!!!!!]!!!!!!!!!!!!!!:!!!;!:!!!" 

T.J.  Alderman 

Artesia,  )  mile  northeast. 
Artesia,  1  mile  southeast. 
Artesia,  1^  mile  southeast. 
Artesia,  3  milea  northeast. 

Do 

Do. 

Nayior  i  Jones 

6 
6 
6 

6 
6 

Dull's  ranch,  2  miles  east. 

Do 

Do 

Do 

Do 

W.  C.  Irwin                      

Dull's  ranch,  7  miles  east. 

Duirs  ranch,  14  miles  north- 
east. 

Dull's  ranch,  3  miles  east. 

Dull's  ranch,  7  miles  north- 
east. 

Dull's  ranch,  7  miles  north- 

I'hl dc  Galth 

1 

west. 
Cotulla,  northwest. 

International  and  Qreat  Northern  R.  R 

Enclnal. 

MeMUIiliEN  COUNTY. 


Shallow  weUs. — The  nonflowing  wells  of  McMullen  County  are  gen- 
erally deep.  In  the  eastern  part  they  have  an  average  depth  of  130 
feet,  in  the  northern  part  250  feet,  and  in  the  southern  part  350  feet. 
No  information  has  been  received  concerning  the  depth  of  wells  in  the 
western  part  of  the  county. 
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Artesian  weUs, — Data  have  been  obtained  of  seven  artesian  welkin 
McMullen  County.  A  list  of  these  wells,  with  their  depth,  flow,  size, 
and  approximate  location  is  given  below: 

Artesian  welU  in  Mc  Mullen  County. 


Owner. 


Deoth  i  Flow  per!   Dlarae- 


County 

Ortho  Askey 

Do 

Sam  Crowther... 

Do 

Nay  lor  &  Jones. 

Do 


Looation. 


Feet. 
485 
300 
147 
1,728 
1,335 
700 
512 


OaUont.      Tnches. 


•| 


5  1. 

2S0  <. 

200  . 
15  < 
15  1 


Public  square,  TiUen. 
Tilden,  12  miles  east 
TUden,  IS  mileseast. 
Tnden.  14  miles  northesit. 

Do. 
Tilden.  20  miles  west. 

Do. 


FRIO  COirXTY. 

Shallow  weUs. — Water  is  obtained  from  shallow  wells  in  Frio  County 
at  depths  of  60  to  125  feet. 

Artesian  wells. — There  are  floMving  wells  along  San  Miguel  Creek, 
also  at  Derby,  and  northwest  of  Derby  along  Frio  River.  A  typical 
artesian  well  of  Frio  County  is  shown  on  PL  I,  B  (p.  1).  Many  of  the 
wells  along  San  Miguel  Creek  are  located  along  the  creek  bed,  on  very 
low  ground ;  most  of  them  are  about  400  feet  in  depth,  8  inches  in 
diameter,  and  flow  about  10  gallons  a  minute.  The  general  distri- 
bution of  these  wells  is  shown  in  PL  II  (p.  2),  and  their  depth,  size, 
flow,  and  approximate  location  are  given  in  the  following  table: 

Artesian  wells  in  Frio  County. 


Owner. 


F.  Hinds. 


Do. 
Do. 


F.  M.  O'Connor. 
Do 

Do 

Do 


Do.. 
S.  Speed . 


,  Depth. 

'    Fert. 
!        '*20  j 

410  ' 
.        400  ' 

405  I 

'      200 ; 

I  115 
(»0 
.100 


'  Flow  per    Diame- 
ininute.         ter. 


Location. 


50 
17 
12  ' 

20 


JO. 


P.  K.  Authar 

Ilalff  A:  Schremer 

Do 

Kovstone  Land  and  Cattle  Co. 


000 

MOO 

1.473 


Do. 
Do. 
Do. 
Do. 
Do. 


Oaltons.      Incken.  j 

25   1  San  Mifuel  Creek,  1)  miles 

1     from  Atascosa  County  line- 

15   Do. 

20   ;  Atascosa   County,   4  mites 

I      north  of  No.  2. 
5  j  San   Miguel   Creek,   1  mite 

I      above  No.  1. 
4  I    San  Miguel  Creek.  1  mite 

1      above  No.  4. 
2    San  Miguel  Creek,  2  mite» 

'      above  No.  5. 
1     San  Miguel  Creek,  2  mile» 
above  No.  6. 

4  I  1  mile  south  of  No.  4. 
...  I  Derby,  4  miles  east. 

n  \  Pearsall,  4  miles  north. 

5  Pearsall,  6  miles  southwest. 
5     Pearsall.  4  miles  south. 
8  ;  San  Miguel  Creek,  4  miles 

above  No.  7. 
8     San  Miguel  Creek,  3  miles 

above  No.  14. 
8  '  San  Miguel  Creek,  3  miles 

above  No.  15. 


4JX) 
10 


8 


J.  W.  De  Vlllbis. 


648 
125 


19  1 


San  Miguel  Creek,  4  miles 
'      above  No.  16. 
8  '  San   Miguel  Creek,    1   mile 

'      west  of  No.  17. 
8  '  San  Miguel  Creek,  4  miles 

'      above  No.  17. 
8  '  San  Miguel  Creek,  1  mile  be- 

'      low  No.  6. 
6     Miguel,  5  miles  west  of  post- 
office. 
8    2  miles  south  of  No.  18. 
2    San  Miguel  Crsek,   i  mile 
above  NO.  6. 
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veUs, — A  good  supply  of  excellent  water  is  obtained  from 
60  feet  deep  throughout  the  greater  part  of  Atascosa 

wdh. — Artesian  water  is  found  in  all  parts  of  this  county, 
arying  from  200  to  700  feet.  The  county  is  well  drained 
itaries  of  San  Miguel  Creek,  and  wells  for  the  most  part  are 
ig  these  tributaries.  The  approximate  location  of  artesian 
iheir  depth,  flow,  and  diameter  are  given  in  the  following 


Artesian  wells  in  Atascosa  County. 


Owner. 


Depth. 


1  Great  Northern  R.  K. 


Feet. 
120 
520 
447 
37(> 
020 
625 
740 
400 
314 
230 
500 
340 
320 
510 
397 
337 
227 
430 
319 
300 
240 
228 
208 
308 
540 
915 
700 

1,011 
207 
441 
139 
165 
340 
202 
200 
729 
7(K) 
525 
280 


Flow  per 
minute. 


Oalloru. 
20 
10 
30 
7 
32 


Diame- 
ter. 


Inches. 


60  ' 
4 

40  ; 
15 


30 
50 
10 
15 

2 
12 

4  i 

8 
55 
60 


35 
4 
6 
4.5 
4.5 
4.5 
40 
35 
75 
12 


Distance  ami  (lircK'don  i.\n.\ 
Pleasauton. 


378    In  town. 


I  mile  east. 

Do. 
8  miles  south. 
Do. 
Do. 

I I  miles  southwest. 
20  miles  southwest. 
19  miles  southwest. 
4  miles  northeast. 

4  miles  north. 
In  town. 

Do. 

7  miles  southeast. 
6  miles  northeast. 

5  miles  east. 

Do. 

3  miles  east. 

4  miles  southeast. 

3  miles  northwest. 

6  miles  northwest. 

5  miles  northwest. 

4  miles  northeast. 

Do. 

6  miles  northeast. 

5  miles  east. 

8  miles  northeast. 
12  miles  northeast. 

11  miles  east. 

8  miles  southeast. 
19  miles  southeast. 
16  miles  southeast. 
Do. 

12  miles  southeast. 

13  miles  southeast. 
12  miles  southeast. 

6  miles  '«6uth. 
4  miles  south. 

14  miles  south. 

18  miles  southeast. 


377 
r)7 
M\H 

4m 
:m 

497 
700 


18 


40 
100 


Do. 

Do. 

Do. 

Do. 
2i  miles  northeast. 
In  town. 

Do. 


BKXAR  COrXTY. 

7eUs. — In  the  southern  part  of  Bexar  County  water  can  be 
depths  vai}  intj^  from  30  to  60  feet;  near  Vanraub,  at  a 
5  feet,  and  at  Leon  Springs,  at  depths  of  40  to  200  feet. 
^^eUs. — ^There  are  nearly  100  artesian  wells  in  Bexar  County, 
m  are  among  the  strongest  wells  in  the  State.     The  water 
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is  of  excellent  quality  and  is  used  largely  for  irrigation.     The  follow 
is  a  list  of  the  artesian  wells,  giving  location  and  other  data: 

Artesian  wells  in  Bexar  County. 


Owner. 


West  End  Town  Co. 

RU5S. 


firendle 

Yantis 

Waterworks  No.  1 

Waterworks  No.  2-4 

Waterworks  Nos.  5-«  *> . . 
Waterworks  Nos.  9-12  e. 

Scbulz  Sanitarium 

Crystal  Ice  Co 

Do 

Do 

Do 

Street  railway 

Do 

Court-house  d 

State  asylum  < 

Col.  TernUl  «■ 

C.  Kampman 

Do 

Geo.  Dulnig/^ 

Santa  Rosa  Hospital 

Do 

Sehuiz 

Union  Moat  Co 

Menger  Uotel 

Koelbeen 


Dlgno  witty. 
Kampman.. 
Epps^ 


^p'-issTu?!'; 


Location  with  rwpert 
San  Antonio. 


Van  Dale 

F.  F.  Collins 

Do 

T.  F.  Brady 

Walters 

Bu  rnes 

.Mcerscheidt-Stieren  Irrigation  Co.o  . 

A.  Hrrff 

Elnn'n<l<)rf 

Hofheinz 

Tonimins 

Acm«?  Irrigation  Co 

.1.  D.  Giiinn 

II.  J.  .\ckerman 

Wattors 

I).  Sullivan 

J.  C.  Cha n«v 

Citv  browofv 

'Do ' 

Lone  Star  Bn'worv 

Unit<Hl  State.s  loi\  'Plant 

Do 

D.  Meyer 

Tappans  polo  ranch 

J.  D.  (iuinn 

T.  B.  Dashlel 

W.  Elsenhauer 

Urbahn 

Kampman  a 


Feet. 

260 

250 

583 

540 

630 

780 

K80 

880 

712 

657 

657 

715 

850 

980 

1.140 

760 

1.900 

1.900 

650 

464 

2,215 

1.000 

1.250 

822 

1,202 

i,\m 

1,100 

4<i5 
850 

884 
835 
700 
850 

m) 

1)50 

im 

750 


i  OallofU. 
i  150 


60 


400 

1.042 

a  1.042 

0  4,166 

0  1,740 

555 

417 

417 

278 

30 

156 

17 

861 

Flows. 

555 

200 

20 

1,007 

104 


200 
300 
170 
140 

55 

200 

70 

55 

1.200 

300 

400 

200 

1.200 

800 

Slight. 

377 


West  End  Lake. 

In  town. 

3  miles  north. 

2.5  miles  northwest. 

i  mile  below  head  o(  n\ 

U  miles  below  head  of  r 

Market  street. 

Do. 
Alamo  Plaza. 
Eighth  stTPoi. 

Do. 

Do. 

Do. 
Tenth  street. 

Do. 
Center  of  city. 
3  miles  southeast. 

5  railc«  southeast. 
I  3  miles  east. 

Do. 

6  miles  southeast. 
400  yards  northwest  c 

house. 
I         Do. 

;  2i  miles  northwest. 
l|  miles  southwest. 


Pacific     r 


1 .  500 
1 .  200 

r.io 

1.400 
1,400 

m) 

1 ,  5U) 
728 
728 
S0."> 
710 
710 


i     Slight. 
,  No  How. 

I  '"^ 

50 

1  50 

'  No  flow. 

I  100 

2,083 

I  UV) 

I         rjio 


l.(X)0 

TOO 
1 .  200 
l.(KK) 


No  flow. 
Slight. 

do.. 

■  No  flow. 
I   Owa- 


I  Southern 

I      house. 

;  U  miles  west. 

I  V'elita  street. 

I  2J  miles  southwest. 

2  miles  west. 

I  i  mile  southwest. 

i  mile  northeast. 

,  2A  miles  southwest. 

Do. 

Do. 

3  miles  west. 

;  3i  miles  west. 

3  miles  west. 

5  miles  southwest. 

2}  miles  south. 
!  5  miles  southwest. 
i  3  miles  northeast. 

0  miles  east. 
!  2J  miles  southwest. 

3  miles  northwest. 
!  2)  miles  southeast. 
I  James  street. 
Do. 

•Tones  street. 
'  (Iravson  street. 
I         t)o. 

3  miles  west. 

5  miles  northwest. 
'  5J  miles  northeast. 
7  miles  northeast. 
5  miles  east. 

4  miles  cast. 

3  miles  north. 


St.  Louis  College 

Do 

International  and  (Jmit  Northern  R.  H.i 

1      Mioiiai. 

720    No  flow. 

720  '....do... 

80S  !      Good. 

1 

1  5  miles  west. 
1         Do. 
At  Davenport. 

a  Each. 

ft  Four  12-inch  wells. 

<•  Four  8-lnch  wells. 

d  Gas  and  water  at  4(50  and  620  feet  Iwlow  surface. 

'Hot  sulphur  water. 

/  6-inch  well  yielding  hot  sulphur  water. 

pTwo  wells:  One  O-inch,  with  800-gallon  flow;  one  10-inch,  with  3,000-gallon  flow. 

A  Water  at  630  feet. 

i  Water  rliei  within  110  feet  of  earfaoe. 
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WIIiSON  COUNTY. 

wdls. — The  shallow  wells  of  Wilson  County  are  from  30  to 

3ep. 

'.  weUs, — ^There  are  two  principal  artesian-well  districts  in 

y — one  in  the  southwestern  part,  where  a  group  of  wells 

>y  J.  S.  Thornton  and  J.  J.  Stevens,  and  one  in  the  vicinity 

lie  and  Sutherland  Springs.     A  list  of  these  wells,  including 

lata,  is  given  below. 

Artesian  wells  in  Wilson  County. 


Owner. 


Location. 


I 


Feet. 
565 
700 


4&0 

.\        365 

J        650 

I 
.'l        650 

.!     1,036 

-I        960 

700 

480 

'     1,200 

400 


Gallons. 
20 
15 

Inchen. 

2i 

90 

4 

30 

3 

40 
50 
50 

Union,  J  mile  northeast. 

Floresvllle,  8  mlios  south- 
west. 

Floresville,  11  miles  south, 
4  west. 

Floresville,  8  miles  south, 
7  west. 

Floresville,  10  miles  west,  on 
Borego  Creek. 

Floresville,  11  miles  south- 
west, on  Borego  Creelc. 

Floresville,  lOi  miles  north- 
west, on  Borego  Creelc. 
60   Floresville,  13  miles  south- 
west, on  Prietas  Creek. 
60   i  Floresville,  16  miles  south- 
west, on  Lucas  Creek. 

Floresville,  4  miles  west. 

Floresville.  5  miles  west. 

Sutherland  Springs,  \  mile 
northeast. 

00   '  Sutherland  Springs,  3  miles 

'      southeast. 


15 
12 


t 


GIIADAT.UPK  COUNTS  . 

welh. — Water  is  obtained  in  Guadalupe  County  in  the  east- 
t  an  average  depth  of  40  feet,  in  the  southern  part  at  60 
5  western  part  at  70  feet,  and  in  the  northern  part  at  80  feet. 
,  wells. — The  only  attempt  to  develop  the  artesian-water 
)f  this  county  was  made  by  Adolph  Ziegenhols,  on  his  farm 
orth  of  Segiiin,  where  a  flow  of  strong  sulphur  water  was 
depth  of  800  feet. 

CALDWKI.L  COirXTV. 

welh. — (jood  wells  are  obtained  throughout  the  greater 
Idwell  County  at  deptlLs  varpng  from  18  to  50  feet.  Near 
^vells  are  from  18  to  20  feet  deep,  but  on  the  prairie  west 
rt  they  are  somewliat  deeper.  South  of  Maxwell  and  east 
ale  it  is  difficult  to  get  water,  and  it  is  generally  not  obtained 
less  than  100  feet. 
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Artesian  weUs, — Only  two  artesian  wells  have  been  reported  from 
this  county.     T.  F.  Hudson,  near  Lockhart,  has  a  6-inch  flowing  weD 
260  feet  deep,  and  V.  Leshikar  has  one  5  miles  west  of  LockhArt   _ 
which  has  a  depth  of  180  feet,  a  diameter  of  8  inches,  and  a  flow  of 
only  a  few  gallons  a  minute. 

BASTROP  COITNTY. 

Shallow  wells. — Throughout  Bastrop  County  the  shallow  wells  m 
from  35  to  70  feet  deep  and  generally  furnish  a  good  supply  of  wat«. 

Art^man  wells, — Very  little  prospecting  has  been  done  for  artesian 
w^ater  in  this  county.  In  1893  a  well  was  drilled  to  a  depth  of  1,010 
feet  near  Bastrop  by  the  Bastrop  Building  and  Loan  Association 
without  striking  water. 

liKE  COtTNTY. 

Shallow  wells. — In  Lee  County  the  average  shallow  well  is  40  to  50 
feet  deep,  and  a  good  supply  is  usually  obtained. 

Artesian  welh. — Owing  to  the  ease  with  which  shallow  wells  may 
be  obtained  in  this  county,  few  attempts  have  been  made  to  develop 
artesian  water.  The  only  flowing  well  in  the  county  is  owned  bv 
M.  G.  York,  near  Leobau.  It  is  a  6-inch  well,  800  feet  deep,  but  the 
exact  flow  has  not  been  ascertained. 

R()HERT8()X  COITKinr. 

SJkiUow  v)ells. — A  good  supply  of  water  is  found  in  Robertson 
County  about  40  foot  below  the  surface. 

Artesian  iDells. — There  are  a  large  number  of  flowing  w^ells  betweer* 
Big  and  Little  Brazos  rivei-s,  from  a  point  opposite  Calvert  to  the 
mouth  of  the  Little  Brazos,  a  distance  of  about  25  miles.     Water  is 
obtained  throughout  this  valley  at  four  artesian  horizons  at  depths 
of  160,  450,  650,  and  920  feet.     Attempts  to  get  w^ater  east  of  Heame, 
on  the  highland  extending  from  Bremond  to  Franklin,  have  resulted 
in  failure.     At  Ileanie  there  are  23  flowing  wells,  nearly  all  of  which 
obtain  water  from  an  artesian  horizon  700  feet  below  thft  surface. 
The  following  is  a  list: 


B0BERT80N    AVD   MILAM    GOTTirrrBS. 

Artegian  welU  at  Heame. 
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Owner. 

Depth. 

Owner. 

Depth. 

'-  CrMnAn   ,  ,  , 

Feet. 

7« 

680 

720 

720 

700+ 

700+ 

700 

715 

600 
1,020 

750   ' 

TOO 

! 

'  L.  W.  Carr 

Feet. 
700 

Do 

C.  J.  Hostrasses 

600 

onston  and  Texas  Central  R.  R 

R.  C.  Allen 

666 

Do 

:  Mrs.  H.  K.  Davis 

710 

smprese 

.  nhfM«-  Wnod 

400 

in  and  Light  Co 

1  W.P.Ferguson 

720 

Do 

1  J.  H.  Hartzog 

720 

lational  Oil  Co 

C.L.  Glass  6 

690 

lanters'  O  1  Co 

Do 

700 

lock  Yards  « 

Do 

710 

Do 

City 

720 

V.  Kerlicks 

a  One  mile  northwest  of  Heame. 


b  Three  miles  southwest  of  Heame. 


MII^AM  COUNTY. 

Shallow  wells. — The  average  depth  of  shallow  wells  throughout 
Milam  County  is  50  feet.  An  abundant  supply  is  usually  obtained. 
In  the  western  part  of  the  county  considerable  difficulty  is  some- 
times experienced  in  getting  a  successful  well. 

Artesian  weUs, — The  International  and  Great  Northern  Railroad 
drilled  a  6-inch  well  at  Thomdale  to  a  depth  of  2,000  feet,  passing 
through  several  beds  of  lignite  coal,  without  obtaining  artesian  water. 
Other  similar  de«p  borings  have  been  made  for  artesian  water  in  the 
western  part  of  the  county  without  success.  The  following  is  a  list 
of  deep  borings  in  Milam  County: 

Deep  borings  in  Milam  County. 


Owner. 


Depth. 


Feet. 

W.  8.  Carothers 1 ,  790 

A.  E.Brady 1,356 

T.J.Estes 831 

A.  J.  Raymond ;       700 

J.  A.  Peele ,       530 


Location. 


Thomdale. 

Maysfield. 

Bailryville,  3^  miles  west. 

Branchvtlle. 

Branchvllc,  4  miles  <?ast. 
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BURIiESON  COUNTY. 

Shallow  wells, — In  Burleson  County  wells  50  to  75  feet  deep  fur- 
nish a  good  supply  of  water. 

Artesian  weUs, — Flowing  wells  are  obtained  in  the  Brazos  bottom 
lands  at  depths  varying  from  355  to  1,250  feet,  the  average  being 
about  700  feet.  A  list  of  these  wells,  with  other  data,  the  record  of  a 
688-foot  well  at  Clay,  and  analyses  of  the  water  from  this  well  and 
from  one  of  M.  Parker* s  wells  are  given  below: 

Artesian  wells  in  Burleson  County. 


Owner. 


\T>^pti^i^'zr 


J.  W.Coiilter 

Do 

Feet. 
750 

Carson  6c  Smith 

.3M 
750 

Do 

T.  R.  Battea 

850 

900 

1.009 

650 

J.  0.  Chance 

Do.ft 

Do.e 

Do 

700 

Do ...     . 

550 

Fountain  Bros 

Do 

1.250 
900 

Do 

900 

Do 

900 

A.  L.  Ewing 

740 

J.  B."  Rospnm 

0.  0.  Foster 

Do 

910 
900 
900 

Adline  Jones 

J&s.  Butler 

850 
840 

Do 

900 

Do : :. 

850 

Mit.  Parker 

630 

Do 

585 

Do 

Si's 

Do 

835 
7.50 
760 
511 
400 
420 
700 
800 
260 
ISO 
703 

Do 

Do.d 

Do 

T.  M.  Ewing -^ 

Ii()l)t.  D«'iinis 

H.  A.  r^^gers 

Frank  Akiridge  f 

.loe  Collier 

T.  F.  Hudson 

V.  Loahikar 

J.  D.  Rogers P 

Oailons. 

10 

Small. 

5 

strong. 


Diame-  i 
ter.      I 


Location. 


Inches. 


^ 

2 

3 

U 

7 

3 

} 

1 
2 

20 

2 

J 

1 

1} 

2 

2 

5 

2 

20 

2 

25 

n 

20 

2 

2.') 

2 

2.') 

2 

20 

2 

12 

12 

15 

1 

15 

:« 

30 

15 

2 

2i 

2 

5 

\m 

Small. 

K 

4.-) 

3 

li  Clay,  6  miles  northeast. 
1  Clay.  7i  miles  northeast. 
1  Clay.  8  miles  northeast. 
1  I         Do. 

l\\  Whittaker,  ^  miles  southeast. 
'^    Whittaker,  \\  miles  northeast. 

WhitUker. 

Whittaker,  3^  mUes  northwest. 

Whittaker,  4i  miles  northwest 

WhitUker. 

Whittaker,  1)  miles  northwest. 
Do. 
Do. 

Myers,  1  mile  southeast. 

Myers,  1  mile  south. 

Myers. 

Myers,  400  yards  west. 

Myers,  800  yards  west. 

Myers,  2  miles  southwest. 

Myers,  3  miles  northwest. 

Myers,  3  miles  north. 

Grant,  \  mile  south. 

Cooks  Point,  3  miles  east. 
Do. 

Pittbridge. 

Pittbridge,  1  mile  west. 

Pittbridge,  4  miles  south. 

Tunis,  \\  miles  east. 

Tunis,  3  miles  southeast. 

Pittbridge.  \\  miles  east. 

Pittbridge.  limiles  northeast. 

Stone  City.  300  yards  south. 

Rita.  7i  miles  south. 

Rita.  2  miles  east. 

Cal<iwell.  \  mile  northeast. 

Caldwell.  5  miles  southwest. 

Sonier\ille,  7 miles  southeast. 


(I  Temperature  of  water  77^  F.;  gas  escapes  from  pipe. 

ft  Continuous  flow  of  gas:  water  salty. 

'•(Jas  ass<K'iatod  with  water. 

d  At  .'ViO  foet  a  flow  of  salt  water  associated  with  gas  was  obtained. 

f  Well  flowed  60  gallons  a  minute  at  first,  but  is  now  l)ecoming  choked  with  i 

f  Oil  well. 

0  Good  flow  obtained  at  400  feet. 


ind. 


Analysis  of  water  from  deep  v:eU  owned  by  3/j7.  Parker,  S  miles  southeast  of  Tunis, 

Burleson  County. a 

Parts  per  million.  Parts  per  million- 

Potassium  ( K) 7     Sulphate  radiclo  ( SO4) 63(F 

Sodium  (Na) 520     Carbonate  mdicle  {CO3) 520 

Magnesium  (Mg) 4  i  

Calcium  (Ca) 11  |  1, 756 

Chlorine(Cl) 64  | 

"  Expre.ssed  by  analyst  Ln  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  parts 
per  million  and  ionic  form  at  U.  8.  Geol.  Survey. 
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Record  of  well  at  Clay,  Burleson  County. 

Feet. 

0-15 

15-28 

28-41 

41-  07 

te 67-  74 

Erranite 74-88 

sand 88-124 

sand  rock 124-161 

te 161-169 

limestone  rock 16^185 

185-188 

wand  rock 188-197 

tone 197-217 

217-220 

tone 220-249 

blue  sand 249-254 

limestone 254-261 

tcme 261-271 

27 I -282 

tone 282-420 

water  sand 420-480 

tone 480-525 

blue  sand  with  lignite  and  soapstone 525-608 

r  .sand 608-613 

te  and  soapstone 613-632 

r  sand 632-636 

tone  and  sand 636-647 

r  sand 647-687 

687-688 

Analysis  of  water  from  deep  well  at  Clay,  Burleson  County.  « 

Parts  i>er  million.  '  Parts  per  million. 

S'a,) 490. 0  j  Carbonate  radicle  (00,) 30. 0 

:n  (Mg) 8.0  I  Silica  (SiOj) 38.0 

Ca) 21.0  I  Organic  matter 79.0 


CI) 490.0'         ■  

radicle  (SO,) 4.  6  1, 480. 6 

ite  radicle  f  HCO., ) 320.  0 

BRAZOS  COUXTY. 

ru'  wells. — Water  in  sufficient  quantity  to  supply  an  ordinary 
ound  in  Brazos  County  from  35  to  60  feet  below  the  surface. 
Ian  wells. — The  best  developed  artesian  area  in  Brazos  County 
^d  near  Steeles  Store  and  Stone  City,  between  Little  and  Big 
rivers,  where  about  50  flowing  wells  arc  located.  About  15 
uthwest  of  Bryan  there  are  a  number  of  smaller  artesian  wells, 
in  depth  from  200  to  1,000  feet,  but  averaging  about  300 
th  diameters  of  1  to  3  indies.     The  smaller  wells  yield  about 

e<l  by  analyst  in  grains  yxT  pilloii  jiii'l  hypothotical  comhinations;  recoinput<?»l  to  pnrts 
and  ionic  fonn  at  U.  S.  Cieoi.  Survey. 

.  190—07 5 
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47  gallons  a  minute;  the  larger  and  deeper  one«  furnish  considerabj 
more.  In  sinking  the  deep  wells  in  this  district  several  small  flov 
are  encountered  before  the  main  water  horizon  is  reached.  These  ai 
generally  cased  off  and  only  the  water  from  the  lowest  horizon  allowe 
to  flow.  In  addition  to  the  above-described  wells  there  are  a  few  i 
the  southern  part  of  the  county.  A  partial  list  of  the  artesian  an( 
deep  wells  of  Brazos  County  is  given  below,  also  a  record  of  thi 
materials  penetrated  in  the  Hearne  and  Brazos  Valley  Railroad  wel 
at  Stone  City. 

Partial  list  of  artesian  arid  deep  wells  in  Brazos  County. 


Owner. 

'  Depth. 

1 

Feet. 
'    1,005 

;::::::::'•■  w 

I     1,300 

Flow. 

Location. 

Hearue  and  Brazos  Valley  R.  R 

Templeton  &  Foster 

John  D.  Rogers 

Do 

Stone  City. 

Navasota,  0  miles  we«t. 
Allenfarm. 
Allenfarm,  1  mile  west. 

Flows.. . 
Flows.. . 
Flows.. . 

Record  of  Ilcarne  and  Brazos  Valley  Railroad  well  at  Stone  City,  Brazos  Confii§j 

Feet. 

Surface  blue  trlay 0-      25 

Rock 25-      28 

Blue  clay , 28-      <>0 

Rock 60-      01 

Blue  marl 61-     105 

Lignite 105-     10(> 

Blue  marl 10(»-      145 

Rock 145-     147 

Blue  marl  with  an  occa.sional  layer  of  rock 147-1,  005 

MADI80X  COUNTY. 

Shallow  welh. — Throughout  Madison  County  good  water  is  obtains 
from  wells  at  depths  of  50  to  ^0  feet,  depending  on  the  elevation 
the  surface. 

ArUsiaa  nulls, — Owing  to  the  ease  with  whieh  good  shallow  wel 
are  obtained  and  the  numerous  small  flowing  streams  traversing  tl 
county,  there  is  little  need  for  flowing  wells,  and  so  far  as  can  I 
ascertained  no  attem[)ts  have  been  made  to  develop  this  resource. 

LKOX  ('Ol  XTY. 

Shallow  urlh. — In  Leon  County  shallow  wells  var}^  in  depth  fro 
30  to  45  feet,  and  a  good  supply  of  water  is  generally  struck. 

Arti^iati   welk. — The  only  artesian  well  in  Leon  County  is  th 
owned  by  J.  II.  Oliver.     It  is  located  one-half  mile  northwest 
Buffalo  and  has  a  depth  of  1,200  feet. 
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FREESTO^^TE  COITXTY. 

ShaJlow  wells, — The  shallow  wells  of  Freestone  County  are  from  35 
to  45  feet  deep  and  generally  contain  from  6  to  20  feet  of  water. 

Artesian  wells. — Owmg  mainly  to  the  abundant  supply  of  shallow- 
well  water  throughout  the  county,  no  attempts  have  been  made  to 
get  artesian  flows. 

HOUSTOX  COITXTY. 

Shallow  wells. — Most  of  the  shallow  wells  throughout  Houston 
County  are  less  than  40  feet  deep,  and  a  large  supply  of  water  is 
generally  obtained. 

Artesian  wells. — At  Crockett  a  well  was  sunk  by  Prof.  J.  B.  Smith 
to  a  depth  of  700  feet,  and  the  water  rose  within  40  feet  of  the  surface. 
Tliere  are  several  wells  at  Kenard  1,100  to  1,200  feet  deep,  from  which 
a  large  supply  of  water  is  obtained  by  pumping. 

ANDERSOX  C  OUXTY. 

Shallow  weUs. — A  good  water  supply  is  found  in  Anderson  County 
a.t   a  depth  of  30  to  40  feet  below  the  surface. 

Artesian  weUs. — There  are  no  artesian  wells  in  this  county,  but  sev- 
^r^al  deep  borings  have  been  made  at  Palestine  and  other  places  which 
fo.mish  a  good  supply  of  water  by  pumping. 

lilMESTONE  COUNTY. 

Shallow  weUs. — ^Water  is  secured  in  the  southern  part  of  Limestone 
County  at  a  depth  of  about  35  feet.  In  the  northwestern  part  the 
>JVolls  are  somewhat  deeper,  av(?raging  60  feet. 

Artesian  wells. — There  are  no  artesian  wells  in  Limestone  County, 
although  it  is  believed  that  flows  might  be  obtained  if  wells  were  sunk 
to  a  sufficient  depth. 

CHEROKEE,   TRINITY,  ANGELINA,  SAN  AUGl  STINT:,  AND 
SABINE  COUNTIES. 

Shallow  wells. — Throughout  Cherokee,  Trinity,  Angelina,  San 
Augustine,  and  Sabine  counties  shallow  wells  find  water  at  depths 
var\Mng  from  30  to  50  feet,  and  the  supply  is  generally  large. 

Artesian  wells. — The  only  artesian  well  in  these  counties  is  at  Grove- 
ton,  the  county  seat  of  Trinity  County,  where  a  6-inch  well  495  feet 
deep  yields  27  gallons  a  minute.  There  is  a  deep  well  at  Bronson, 
Sabine  County,  a  record  of  which  is  given  below,  also  an  analysis  of  the 
water. 
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Record  of  deep  well  at  Bronson,  Sabine  County. 

Yellow  clay 0- 

Blue  clay 30- 

Brown  shale ' 60- 

Sand 103- 

Brown  shale 115- 

Sand 146- 

Blue  clay 155- 

Limestone  rock 163- 

Blueclay 164- 

Sand 258- 

Blue  clay 272- 

Brown  shale 322- 

Blueclay 352- 

Blue  clay  and  "shell " 374- 

Blueclay 380- 

Sand  rock 486- 

Blue  clay 489- 

Blue  clay  and  bowlders 578- 

Blue  clay 586- 

Water  sand t  674- 

Blue  clay 729- 

Dark  sand 810- 

Blueclay 818- 

Blue  shale  and  "shell " 892- 

Dark  shale 928-1. 

Water  sand 1, 018-1. 

Dark  clay 1, 068-1, 

Analysis  of  u.ater  from  deep  well  at  Branson,  Sabine  County.  " 

Purls  per  million.  Parts  jx 

SiKlium  (Na ) 330. 0      Silica  (SiOo • 

(-hlorine  (('!» 30.0      Orpanic  matter 

Sulphate  nxdicXo  ( SO^  i 8  1, 

CarlK)nat(*  radicle  (( -Og » 395 

XACOCilDOCUES   COUNTY. 

Shallofr  urlls. — WolLs  of  moderate  yield  are  obtained  in  ] 
doclie.s  County  at  a  depth  of  '2o  feet. 

ArffS'ian  wdls.—  Two  wells  have  been  sunk  in  this  county  an 
con('ernin<r  tlieni  are  <j:iven  below. 

Artesian  nells  in  Sacoadoclus  Connfij- 


IX-Pt".   Snir:^    "i'''r"""        I'istHn.vfron..N„.og 


F(e!.      Cnllons.      Jnchrs. 

Nufoj^dfM'lx's  Ici^  Co 2Jv')    \     1  iiiilp  southwest. 

IIhvwcwxJ  l.uinU'r  (V) KJO  4()  i«     1  in]l«' southeast. 


*  P'..\pn'sso(l  by  analyst  in  grains  per  gallon  jind  hypothetical  conihinations;  recomputeil  to 
miliiorj  an<l  ionic  fonn  at  W  S.  (Jool.  Survey. 
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8HF.I.BY,  .PANOI.A,  AJSD  RUSK  COUNTIES. 

TiaTlow  wells, — Water  in  Shelby,  Panola,  and  Rusk  counties  is 
ained  in  abundance  in  wells  ranging  from  20  to  35  feet  in  depth. 
irfes^mn  wells. — There  is  little  demand  for  artesian  water  in  these 
nties,  owing  mainly  to  the  shallow  depth  at  which  ground  water 
v-  be  obtained.  At  Center,  Shelby  County,  there  is  a  deep  well,  a 
)rd  of  which  is  given  below;  also  an  analysis  of  the  water. 

Record  log  of  deep  well  at  Center,  Shelby  County. 

Feet. 

Yellow  clay 0-  10 

Brown  shale 10-106 

Lignite 106-108 

Brown  sliale 108-240 

Sand 240-250 

Brown  shale 250-320 

White  sandstone 320-330 

Brown  shale 330-356 

Lignite 356-35^ 

Brown  shale 358-372 

White  sandstone 372-374 

Brown  shale 374-416 

•  Stone  coal " 416-417 

Bn>wn  shale .' 417-443 

Sandstone 443.445 

Brown  shale 445-517 

"  Gray  granite  " 517-520 

Brown  shale 520-556 

Sandstone 556-557 

Brown  shale 557-562 

*' Gray  granite" 562-564 

White  sand,  water  bearing 564-614 

Brown  shale 614-623 


Analysis  of  water  from  deep  well  at  Center,  Shelby  County. <i 

Parts  ptT  million. 

Silica  (SiOj) 24.0 

Organic  matter ".     31.0 


Parts  per  million. 

iiim(Xa) 370.0 

•iura  ( Ca) 4.1 

<>rino(Cl) 57.0 

phate  radicle  (SO4) 14. 0 

l)onate  radicle  (CO3) 430. 0 


I  930. 1 


VAX  ZAXI>T  ANJ>    IIAIX8   COFXTIES. 

Shallow  wells. — Throiijijhout  Van  Zandt  and  Rains  counties  an  ado- 
ate  supply  of  water  is  obtained  from  wells  ranging  in  depth  from  20 
45  feet. 

\rtesmn  Udells. — There  are  at  present  no  flowing  wells  in  either  of 
'se  counties;  and,  so  far  as  can  he  ascertained,  no  ju'ospecting  for 
esian  water  has  been  dom*. 


•'xpre.ssed  by  analyst  in  grains  per  gullon  ami  hypothetical  (ouibinutious;  retomputod  to  parts  [icr 
on  and  ionic  form  at  U .  S.  (irol.  Siirvcv. 


66  UNDERGROUND   WATER8    OF   TEXAS    COASTAL   PLAIN. 

SMITH  COirNTY. 

SlwUow  welh. — In  Smith  County  water  occurs  at  shallow  depths, 
rarely  exceeding  35  feet,  and  the  supply  is  usually  large. 

Artesian  wells. — A  few  years  ago  an  oil  well  was  drilled  on  the 
county  poor  farm  to  a  depth  of  460  feet  and  a  strong  flow  of  water 
obtained.  No  other  deep  borings  have  been  reported  from  this 
county,  but  it  is  believed  that  artesian  water  •could  be  obtained  at 
other  localities  if  wells  were  sunk  to  a  sufficient  depth. 

WOOD  AXI>  GREGG  COUNTIES. 

SJiallmv  wells. — Water  is  foimd  in  Wood  and  Gregg  counties  at 
depths  ranging  from  25  to  80  feet.  The  supply  is  large  and  the 
quality  generally  good,  but  a  few  wells  near  Quitman  and  Winns- 
l)()ro  furnish  water  containing  a  large  percentage  of  mineral  salts. 

Artesi<in  wells. — No  flowing  wells  have  been  reported  from  either 
of  these  counties.  About  6  miles  south  of  Longview,  Gregg  County, 
an  oil  well  was  sunk  to  a  depth  of  1,424  feet  without  obtaining 
artesian  water.  It  is  possible  that  flows  might  be  found  at  shal- 
lower dcptlis  in  Wood  County  or  in  other  parts  of  Gregg  County, 
but  thus  far  no  tests  have  been  made  in  these  localities.  A  record 
of  the  deep  oil  well  near  Long^^iew  is  given  below: 

Partial  record  of  well  6  miles  south  of  Longview^  Gregg  County. 

Feet. 

No  HHord 0-    285 

Soupstono 285-    305 

Flint 305-    307 

Soapstone 307-    322 

Shal  y  day 322-    329 

Sandy  slialr^ 329-    353 

(  lay  ' 353-    35<; 

Sandy  shale 356-    437 

(lay 437-    452 

Sandy  shale ' 452-    487 

Flint 487-    489 

Sandstone 489-    543 

Lipnito 543-    545 

riay 545-    551 

San<l 551-    571 

Flint 571-    574 

Sandy  shalo 574-    710 

Clay '. 710-    745 

Sandstone 745-     756 

Water-hearing  sand 756-    780 

Sandstone 780-    880 

Clay 880-     892 

Sandy  shale 892-1,  027 

Clay L  027-L  034 

Sandy  shale 1, 034-1. 199 

Flint 1, 199-1,  200 

Sandstone 1,  200-1,  24r> 

Sandy  shale 1, 246-1, 424 

Gumbo. 
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UPSHUR  COUNTY. 

STiaUow  wells. — In  Upshur  County  the  water  table  appears  to  be 
about  35  to  40  feet  below  the  surface,  and  at  this  depth  a  good 
supply  of  relatively  pure  water  is  obtained. 

Artesian  wells. — The  only  artesian  well  which  has  been  reported 
irom  this  county  is  on  the  John  Gillis  ranch,  IJ  miles  southwest  of 
Hawkins.  It  is  250  feet  deep  and  yields  a  flow  of  2i  gallons  a 
minute. 

HARRISON  COUNTY. 

Shallow  weUs. — In  Harrison  County  sufficient  water  for  ordinary 
domestic  purposes  is  struck  at  depths  rarely  exceeding  40  feet,  and 
the  quality  is  usually  good. 

Afiesian  wells. — The  only  artesian  well  in  Harrison  County  is 
owned  by  the  Marshall  waterworks.  This  well  was  bored  in  Janu- 
an-,  1900,  and  the  first  flows  were  obtained  at  shallow  depths.  It 
is  208  feet  deep,  6  inches  in  diameter,  and  has  a  flow  of  200,000 
gallons  every  twenty-four  hoiu«.  The  following  is  a  record  of  the 
material  penetrated: 

Record  of  artesian  well  at  Marshall,  Harrison  County. 

Feet. 

Soil  and  clay 0-  80 

Sand  with  rock  at  base,  water  bearing 80-100 

Clay  with  layers  of  lignite lOO-KiO 

Sand  with  rock  at  base,  water  bearing 160-180 

Sand,  water  bearing 180-208 

This  test  well  was  made  without  a  strainer,  and  considerable  sand 
was  brought  up  with  the  water.  The  test  was  continued  for  about 
twelve  hours  with  no  apparent  change  of  flow. 

3LA.RIOX  COUNTY. 

Shallow  weUs. — Water  in  Marion  County  is  found  at  25  to  50  feet 
below  the  surface,  and  the  supply  is  both  abundant  and  pure. 

Artesian  wells. — The  only  artesian  well  reported  from  this  county 
IS  owned  by  J.  M.  De  Ware,  at  Jefferson.  It  is  2  inches  in  diameter, 
^1  feet  deep,  and  yields  a  small  flow,  but  the  exact  amount  has 
iiot  been  ascertained. 
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lSsification  of  the  publications  of  the  united  states  geological 

SURVEY. 

[Water-Supply  Paper  No.  190.] 

he  publications  of  the  United  States  Geologic*al  Survey  consist  of  (1)  Annual 
H>rb*,  (2)  Monographs,  (3)  Professional  Paper?,  (4)  Bulletins,  (5)  Mineral 
ourcej?,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
tes — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  Unite<i  States — folios 
reof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
dis^tributed  free.  A  circular  giving  (complete  lists  can  l)e  had  on  application, 
lost  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 
.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 
.  A  certain  numV)er  are  delivered  to  Senators  and  Representatives  in  Congress  for 
tribution. 

.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
C,  from  whom  they  can  be  had  at  prices  slightly  above  cost. 
.  O^pies  of  all  Government  publications  are  furnished  to  the  principal  public 
raries  in  the  large  cities  throughout  the  United  States,  where  they  can  be  consulted 
those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
>jects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
0  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
c  geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
ysics;  F,  Geography;  G,  Miscellaneous;  II,  Forestry;  I,  Irrigation;  J,  Water  stor- 
?;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
nj»;  N,  Water  power;  0,  Underground  waters;  P,  Hydrographic  progress  reports. 
is  pai)er  is  the  sixty-seventh  in  Series  0,  the  complete  list  of  which  follows:  (PP= 
)le8sional  Paper;  B=Bulletin;  WS  =  Water-Supply  Paper): 

SERIES  O,  UNDKRClRorNI)  WATERS. 

1.  .\  recounaissance  in  soulheastern  Wa.shjnKlon,  by  I.  ('.  Rus8ell.    1897.    96  pp.,  7  pis.     (Out  of 

Silrx.k.) 
f).  I'nderKround  waters  of  .•*outhwo^tern  Kansa««,   by   EraHmus  Havvorth.     1897.     6.5  pp.,  V2  pis. 

(Out  ol  stock  ) 
7.  Seepage  waters  of  northern  Utah.  »)y  Samuel  Fortier.    1S97.    50  pp.,  3  pis.     (Out  of  sitoek.) 
1'2.  I'nderground  waters  of  s*>utheasterii  Nebraska,  by  N.  \\.  Darton.     1898.    56  pp.,  21  pis.     (Out 

of  slock.) 
21.  Wells  of  northern  Indiana,  by  Frank  Leverett.     1899.    82  pp.,  2  pis.    (Out  of  stoek. ) 
i6.  Well«  of  i«outhern  Indiana  (continuation  of  No.  21),  by  Frank  Li'verett.     IH99.    61  pp.     (Out 

of  stock.) 
10.  Water  rcFOurce-s  of  the  Lower  IVnmsula  of  Michigan,  by  A.  ('.  Lan»'.     189^).    97  pp..  7  pis.     (Out 

of  slock.) 
51.  Lower  Michigan  mineral  water?*,  by  ,\.  (',  Lane.     18in>.    97  pp..  4  pis.    (Out  of  stfX'k.) 
J4.  Geology  and   vater  res4)ur<'es  of  a  jiortion  «)f  M)Mth»'astern  Soutli  Dakota,  by  .1.  F!.  Todd.     1900. 

34  pp.,  19  pis. 
SS.  (jeology  and   wattr  resources  oJ   .\»'z  l'fne>  County.   Idaho,   I't.   I,   by  1.  ('.  Ku.hscII.     1901. 

«6  pp.,  10  pis.     (Out  of  stork. ) 
'v4.  Geology  and  water  resources  ot   Nez  lerces  County.  Idaho,   Pt.  II,  by  I.  (:.  Russell.     1901. 

87-141  pp.     (Out  of  stock.) 

I 


WS  55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.  M 

68  pp.,  7  pis,    (Out  of  stock.) 
WS57.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  I.  by  N.  H.  Darton.    1901  eOp?. 

(Out  of  stock.) 
WS  .'V9.  Development  and  application  of  water  in  southern  C-alifomia,  Pt.  I,  by  J.  B.  Lippincott.  M. 
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GEOLOGY  AND  WATER  RESOURCES  OF  THE  WESTERN 
PORTION  OF  THE  PANHANDLE  OF  TEXAS. 


By  Charles  Newton  Gould. 


INTRODUCTION. 

Area  covered. — The  area  described  in  this  report  Hes  in  the  western 
part  of  the  Panhandle  of  Texas  and  includes  Sherman,  Moore, 
Potter,  Randall,  Dallam,  Hartley,  Oldham,  and  Deaf  Smith  counties. 
The  region  is  120  miles  long  and  78  miles  wide  and  contains  approxi- 
mately 9,360  square  miles.  It  extends  from  101°  35'  to  103°  west 
longitude  and  from  34°  45'  to  36°  30'  north  latitude,  and  is  bounded 
on  the  north  by  Oklahoma  and  on  the  west  by  New  Mexico.  Its 
location  is  shown  in  PL  I. 

Sources  of  data, — During  the  summer  of  1903  the  writer,  accom- 
panied by  several  students  from  the  University  of  Oklahoma,  made 
a  reconnaissance  across  the  Panhandle  of  Texas,  noting  the  general 
geologic  and  hydrographic  features  of  the  region.  Xlie  greater  part 
of  the  field  work  which  forms  the  basis  of  this  report  was  done,  how- 
ever, during  the  field  season  of  1905,  with  the  assistance  of  Messrs. 
T.  B.  Matthews  and  E.  F.  Schramm.  A  detailed  study  was  made  of 
each  of  the  above-mentioned  counties,  special  attention  being  given 
to  the  valley  of  Canadian  River  and  to  Palo  Duro  Canyon.  The 
work  was  done  under  the  direction  of  Mr.  N.  II.  Darton. 

The  well  records,  from  which  much  of  the  information  regarding 
the  underground-water  conditions  was  derived,  were  obtained  partly 
in  the  field  and  partly  by  correspondence. 

This  report  is  a  continuation  of  Water-Supply  and  Irrigation  Paper 
Xo.  154,  United  States  Geological  Survey,  which  relates  to  the  eastern 
part  of  the  Panhandle. 

TOPOGKAPHY. 

GENERAL   FEATURES. 

The  region  described  in  this  report  is  situated  in  the  southern  part 
of  the  Great  Plains.  It  has  a  slope  to  the  east  of  approximately  10 
to  12  feet  to  the  mile  and  a  slight  gradient  to  the  south.  The  highest 
portion  is  in  the  extreme  northwestern  part  of  the  State,  where  an 
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elevation  of  nearly  4,800  feet  is  attained.  The  lowest  points  are  in 
Palo  Duro  Canyon  in  eastern  Randall  County  and  in  the  valley  of 
Canadian  River  in  southern  Moore  County,  both  of  which  are  approxi- 
mately 2,800  feet  above  sea  level.  The  greater  part  of  the  area  lies 
at  an  altitude  between  3,500  and  4,500  feet. 

The  topography  of  the  region  is  essentially  of  two  types — the  High 
Plains  province,  which  is  nearly  level,  and  the  canyon  district,  the 
surface  of  which  has  been  deeply  eroded. 

.9  HIGH    PLAINS. 

With  the  exception  of  Canadian  River  and  Palo  Duro  Canyon  the 
region  here  discussed  is  typical  of  the  High  Plains  province.  To  the 
portion  of  the  plains  south  of  Canadian  River  the  term  Llano  Esta- 
cado,  or  **  Staked  Plains,"  is  applied.  It  is  bounded  for  the  most 
part  by  a  steep  escarpment  100  to  400  feet  high,  separating  it  from 
the  lower  eroded  plains  which  surround  it  on  all  sides.  In  the  west- 
em  part  of  the  Panhandle,  however,  this  steep  escarpment  is  in  many 
places  much  reduced  or  entirely  absent,  and  the  descent  from  the 
High  Plains  to  the  river  valley  is  gradual.  That  portion  of  the  High 
Plains  lying  north  of  Canadian  River  has  no  distinctive  name.  It 
does  not  differ  materially,  however,  from  the  Llano  Estacado,  except 
that  it  is  in  but  few  places  bounded  by  steep  escarpments,  but  slopes 
gradually  to  the  river  valleys  and  the  lower  eroded  plains  to  the  east. 

The  deposits  comprising  the  Great  Plains  are  probably  of  river 
origin.  According  to  the  generally  accepted  theory,  this  area  was 
formerly  occupied  by  a  network  of  meandering  rivers  which  had  their 
sources  in  the  Rocky  Mountains.  These  streams,  being  overloaded, 
were  constantly  depositing  sediment,  which  filled  the  stream  beds 
and  forced  the  rivers  into  new  channels.  By  this  continued  shifting 
irregular  layers  of  sand  w^ere  deposited  upon  the  red  beds,  which  con- 
stitute the  basal  formation  of  this  region.  This  process  was  con- 
tinued until  a  deposit  several  hundred  feet  thick  was  laid  down  over 
much  of  the  region  eiist  of  the  Rocky  Mountains. 

The  present  streams  are  now  eroding  this  level  plain,  but  their 
work  is  generally  not  far  advanced.  In  a  few  instances,  however, 
they  have  cut  their  valleys  through  the  superficial  deposits  into  the 
underlying  red  beds,  a  feature  well  illustrated  by  Palo  Duro  Canyon 
and  Canadian  River.  Along  the  edges  of  the  High  Plains  small 
streams  are  cutting  their  way 'headward,  but  their  progress  is  slow, 
owing  to  the  meager  precipitation  of  the  region  incident  to  the  general 
aridity  of  the  climate. 

The  surface  of  the  High  Plains  is  generally  flat,  with  nothing  to 
break  the  severe  monotony.  The  drainage  is  for  the  most  part  wholly 
undeveloped.  There  is  no  run-off,  and  the  rainfall  either  evaporates 
directly,  sinks  into  the  soil,  or  collects  in  buffalo  wallows  and  broad, 
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shallow  depressions  locally  known  as  *'playa  lakes/'  from  which  it 
can  escape  only  by  seepage  or  evaporation.  Here  and  there  on 
this  flat  upland  is  a  draw  or  incipient  stream  channel,  in  which 
after  a  heavy  rain  the  water  collects  and  runs  off.  If  traced  for  any 
considerable  distance  these  immature  drainage  ways  will  usually  be 
foUnd  to  end  in  a  playa  lake.  Not  uncommonly  several  of  these  lakes 
are  connected  by  a  shallow  stream  channel  which  wanders  over  the 
prairie,  with  a  gradient  so  slight  in  many  places  that  it  is  impossible  to 
ascertain  the  downstream  direction.  In  a  number  of  cases,  however, 
the  shallow  draws  form  the  beginning  of  a  creek  which  flows  across 
the  escarpment  and  eventually  becomes  a  stream  of  some  magnitude. 
On  the  High  Plains  north  of  Canadian  River,  Coldwater,  Carriso, 
Perico,  Big  Blue,  and  Palo  Duro  creeks  are  all  streams  of  this  type, 
having  their  origin  in  conspicuous  draws  on  the  level  plains.  South 
of  Canadian  River  Tierra  Blanca  and  Palo  Duro**  creeks  are  also  of 
this  character. 

Except  for  portions  of  Hartley,  Moore,  Oldham,  Potter,  and  Ran- 
dall counties,  in  which  stream  erosion  has  cut  relatively  deep  valleys 
and  canyons  in  the  level  surface,  practically  the  entire  region  included 
in  this  report  consists  of  high  plains. 

The  area  shown  as  Tertiary  on  the  geologic  map  (PI.  Ill)  comprises 
the  greater  part  of  the  High  Plains  area. 

VALLEYS  AND  CANYONS. 
CANADIAN    lilVEH    VALLEY. 

The  Panhandle  of  Texas  is  traversed  through  its  central  portion  by 
the  valley  of  Canadian  River,  which  enters  the  State  from  New 
Mexico  after  draining  a  considerable  area  in  the  northeastern  part  of 
that  Territory.  It  flows  a  little  north  of  east  across  the  Panhandle, 
entering  Oklahoma  near  the  middle  of  the  east  line  of  Hemphill 
County.  It  leaves  the  area  described  in  this  report  near  the  south- 
east comer  of  Moore  County.  The  distance  traveled  by  the  river 
within  this  area  is  85  miles,  in  which  it  descends  from  an  altitude  of 
3,400  to  2,800  feet,  a  gradient  of  about  7  feet  per  mile. 

Throughout  its  course  across  the  Panhandle  the  Canadian  Valley 
has  been  excavated  in  the  level  plain  which  formerly  extended  unin- 
terruptedly across  the  entire  western  Texas  region.  The  depth  of  the 
valley  averages  about  600  feet,  and  its  width  varies  from  20  to  35 
miles.  The  slopes  are  deeply  dissected  by  numerous  tributaries,  pre- 
senting many  irregularities.     The  stream  bed  is  in  most  places  sand 

oThercare  in  the  Panhandle  of  Texas  twocrooks  named  Palo  Duro.  One,  in  the  northern  part  of  tlie 
area,  rises  near  the  Sherma  i-Moo re  county  line  and  flows  northeastward,  emptying  into  Beaver  Creek, 
a  tributary  of  North  Canadian  River.  The  other  creek  of  the  same  name,  which  is  in  tlie  southern  part 
of  the  Panhandle,  flows  oast  ward  in(oSf)uth  Fork  of  Red  River.  It  is  the  latter  stream  that  has  carved 
out  the  deep  canyon  descril>e<l  on  p.  11. 
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choked  and  varies  in  widtli  from  200  to  600  yards,  while  the  flood 
phiin  rantjes  from  a  few  rods  to  3  miles. 

The  to])()<^raphy  immediately  adjacent  to  the  stream  is  of  two  gen- 
eral typos,  deix^ndinp:  on  the  character  of  the  rocks.  The  valley  has 
been  cut  through  the  upper  Tertiary  deposits  into  the  red  beds.  The 
Tertiarj'  formations  consist  generally  of  soft  sands  and  clays,  homo- 
geneous in  chara(*ter,  while  the  red  beds  are  composed  of  alternating 
strata  of  hard  and  soft  rocks.  One  member  of  the  red  beds,  a  hard, 
massive  dolomite,  resists  erosion  in  a  marked  degree.  This  ledge  of 
dolomite  is  in  places  exposed  on  the  tops  of  bluffs  200  feet  above  the 
river,  while  m  other  places  it  is  carried  beneath  the  stream  bed  by 
a  s(»ri(»s  of  folds.  Wherever  expost^l  the  dolomite  caps  conspicuous 
blulTs  bordering  the  river  for  miles,  and  between  these  bluffs  the  stream 
flows  in  a  narrow  channel  with  an  inconspicuous  flood  plain.  Where 
this  dolomite  hnlge  is  absent  the  flood  plain  may  reach  a  width  of  2 
•  to  3  miles  and  is  in  many  places  covered  with  sand  hills. 

Numerous  tributaries,  few  of  which  exceed  20  miles  in  length,  enter 
Canadian  River  on  each  siile.  Each  of  these  streams  has  carved  a 
valley  of  greater  or  less  width  antl  depth  in  the  sides  of  the  main 
valley,  the  av(»rago  gradient  of  these  minor  valleys  being  about  35 
feet  per  mile.  In  the  localities  where  dolomite  is  present  these  tribu- 
tary^ streams  have  carved  narrow  canyons  through  this  and  the  under- 
lying formations,  as  in  the  case  of  Trujillo,  Las  Achias,  Tecovas,  West 
Amarillo,  Big  Canyon,  Plum,  Alibates,  and  Big  Blue  creeks.  Where 
the  dolomite  is  abs<Mit  the  side  slop(»s  of  the  minor  valleys  are  more 
gentle. 

]»Ai.()  DiKo  (AN vox. 

Palo  Duro  Canyon  is  located  in  eastern  Randall  County,  near  the 
southeast  corner  of  the  n»gion  under  discussion.  Palo  Duro  Creek 
has  its  source  in  eastern  New  Mexico,  near  the  western  part  of  the 
Llano  Estacado,  as  a  dry,  shallow  draw,  and  continues  thus  eastward 
for  40  miles.  In  the  w(\stern  part  of  Randall  County  it  has  cut  a 
valley  averaging  .50  f(»et  in  d(»pth  and  a  quarter  of  a  mile  in  width. 
From  this  locality  springs  uppc^ar  in  increasing  numbers  as  far  as 
Canyon,  where  Palo  Duro  is  joined  by  Tierra  Blanca  Creek.  The 
junction  of  these  two  creeks,  each  of  which  carries  approximately  15 
second-feet  of  water,  forms  a  stn^ini  of  sufficient  size  to  cause  consid- 
erable* erosion,  particularly  in  soft  rocks,  such  as  the  Tertiary  and 
red-])e(ls  formations,  and  from  Canyon  eastward  the  valley  deepens 
rapidly.  In  its  up])er  course  it  is  typically  V-sha])ed  and  so  continues 
for  a  number  of  mil(\s  mitil  in  its  downward  cutting  the  stream 
encounters  a  ledge  of  relatively  hard  sandstone  in  the  upper  part  of 
the  red  beds,  when  corrosion  is  checked  and  the  valley  widens,  becom- 
ing U-shaj)ed.     At  the  falls,  15  miles  northeast  of  Canyon,  the  stream 
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WATER-SUPPLY  PAPER  NO.   191       PL.   II 


A.    TRIASSIC  SANDSTONE  ABOVE  RED  CLAY.  SHOWING  CHARACTERISTIC  EROSION. 


B.     FALLS  IN   PALO  DURO  CANYON    CAUSED  BY  HARD   LEDGE  OF  TRIASSIC   SANDSTONE. 
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cuts  through  the  sandstone,  as  shown  in  PI.  II,  5,  and  from  that  point 
to  the  eastern  side  of  Randall  County  it  flows  through  a  deep,  narrow, 
V-shaped  valley  in  relatively  soft  red  beds. 

In  the  eastern  part  of  Randall  County,  Palo  Duro  Canyon  is  a  pic- 
turesque gorge,  700  to  800  feet  deep,  eroded  in  the  flat  surface  of  the 
plains.     From  the  rim  of  the  canyon  the  slope  is  everyw^here  abrupt 
and  in  many  places  precipitous  for  a  distance  of  several  hundred  feet. 
At  the  point  where  the  canyon  passes  from  Randall  County  the  width 
of  the  valley  at  the  bottom  averages  about  a  quarter  of  a  mile,  while 
the  distance  from  rim  rock  to  rim  rock  is  not  more  than  IJ  miles. 
Tributary  to  Palo  Duro  Canyon  are  a  number  of  small  creeks,  the 
largest  being  Canyon  Cita,  Sunday,  and  Timber  creeks,  all  of  which 
have  cut  short  but  deep  canyons  into  the  High  Plains.     The  sides  of 
the  main  canyon,  like  those  of  the  smaller  streams,  are  cut  into  innu- 
merable deep  V-shaped  gullies  with  sharp  intervening  ridges.     The 
action  of  erosion  on  rocks  composed  of  alternating  layers  of  hard  and 
soft  strata  has  produced  an  infinite  number  of  the  conspicuous  and 
in  many  cases  imique  forms  characteristic  of  badlands  topography. 
Some  of  these  forms  arc  shown  in  PI.  II,  A.     The  alternation  of  vari- 
colored shales,  brown  sandstone,  and  green  vegetation,  mingled  with 
the  imique  erosional  forms,  gives  to  the  canyon  a  degree  of  pictur- 
esqueness  not  often  found  on  the  plains. 

MINOR   STREAM    VALLEYS. 

With  the  exception  of  the  Canadian  River  valley  and  Palo  Duro 
Canyon  there  are  no  large  valleys  in  the  region.  In  certain  places, 
however,  the  monotonous  level  of  the  High  Plains  is  interrupted  by 
shallow  valleys,  which  extend  across  it,  as  a  nile,  in  an  easterly  direc- 
tion. These  valleys  are  for  the  most  i)art  nothing  but  dry,  meander- 
ing channels  a  few  feet  deep,  which  have  been  eroded  in  the  level 
upland.  They  are  known  locally  as  *^draws*'  or  **arroyos.''  Brief 
descriptions  are  here  given  of  the  more  important,  in  order,  from  north 
to  south. 

Beaver  Creek  valley, — Beaver  Creek,  which  flows  eastward  across 
Beaver  County,  Okla.,  for  nearly  its  entire  course,  bends  to  the  south 
near  the  Dallam-Sherman  county  line  and  flows  for  15  miles  or  more 
across  the  northern  part  of  Sherman  County.  It  is  here  a  dry  stream 
with  a  sandy  bottom  in  a  valley  averaging  50  feet  in  depth  and  a 
quarter  of  a  mile  in  wndth. 

Coldvxiter  CreeJc  valley. — Coldwater  Creek  is  one  of  the  southern 
tributaries  of  Beaver  Creek,  in  Beaver  County,  Okla.  In  its  upper 
course  the  stream  is  sometimes  called  Rabbit  Ear  Creek,  from  the 
fact  that  it  rises  near  the  Rabbit  Ear  Mountains,  two  volcanic  i)eaks 
in  northeastern  New  Mexico.  It  flows  southeastward  across  Dal- 
lam and  Sherman  counties  in  a  valley  averaging  a  quarter  of  a  mile 
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in  width  and  50  feet  in  depth,  becoming  wider  and  deeper  to  the  east. 
Except  in  the  vicinity  of  Buffalo  and  Agua  Fria  springs,  in  Dallam 
County,  Coldwater  Creek  carries  only  flood  water. 

Palo  Duro  Creek  valley, — This  stream  (which  must  not  be  confused 
with  Palo  Duro  Creek,  farther  south)  is  also  a  tributary  of  Beaver 
Creek.  It  rises  on  the  High  Plains  north  of  Canadian  River  and 
flows  for  a  short  distance  through  southern  Sherman  and  northern 
Moore  counties.  The  channel  is  shallow,  not  averaging  more  than  25 
feet  in  depth,  and  is  dry  for  the  greater  part  of  the  year. 

Carriso  and  Perico  Creek  valleys. — These  are  shallow  channels,  eadi 
of  which  enters  Texas  from  New  Mexico  and  follows  a  tortuous  courae 
among  sand  dunes  southeastward  across  the  western  part  of  Dallam 
County.  The  two  streams  unite  just  west  of  Dalhart,  forming  EitA 
Blanca  Creek,  which  flows  southward  entirely  across  Hartley  County 
and  into  Oldham  Coimty  before  joining  Canadian  River.  Normally 
both  Carriso  and  Perico  creeks  are  dry  sand  beds,  20  to  50  feet  deep 
and  100  to  500  yards  wide. 

Big  Blue  Creek  valley, — Big  Blue  Creek  rises  in  Moore  County  and 
flows  southeastward  into  the  Canadian.  In  its  upper  course  it  i^ 
merely  a  dry  sand  bed,  but  it  gradually  deepens  its  valley  until  in  tht 
southeastern  part  of  the  county  it  flows  in  a  canyon  400  feet  deep 
which  it  has  cut  through  the  superficial  Tertiary  deposits  and  into  the 
red  beds.  In  its  middle  and  lower  portions  it  carries  a  considerablfc 
amount  of  water,  derived  from  springs  in  Tertiary  and  red-beds  rocks 

Tierra  Blanca  Creek  valley. — Tierra  Blanca  Creek  rises  on  the  Llan( 
Estacado  soyth  of  Canadian  River  in  eastern  New  Mexico,  flows  east- 
ward across  Deaf  Smith  County,  Tex.,  and  unites  with  Palo  Dua 
Creek  at  Canyon.  In  its  upper  course  it  is  only  a  **draw''  in  the  flat 
prairie.  Near  Hereford,  the  county  seat  of  Deaf  Smith  County 
springs  begin  to  appear,  and  from  that  point  to  Canyon  the  valle} 
averages  75  feet  in  depth  and  half  a  mile  in  width.  Along  the  sidei 
of  the  valley  are  white  cliffs  of  Tertiary  clay. 

GEOL.OGY. 

GENERAL  STATEMENTS. 

The  rocks  of  the  region  are  all  of  sedimentary  origin  and  belong  t 
the  following  geologic  systems:  Carboniferous  (Permian),  Triassii 
Cretaceous,  Tertiary,  and  Quaternary.  The  areal  distribution  ( 
these  formations  is  shown  by  the  geologic  map  (PI.  Ill)  and  thei 
structural  relations  by  cross  sections  (PI.  IV).  All  the  rocks  lie  con 
paratively  level  or  have  slight  but  regular  di])s  to  the  east. 
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he  order  and  age  of  the  formations  an»  shown  in  the  following 
c: 

Geologic  fomiaticms  of  the  Texas  Panhandle. 


System. 


Formation. 


Characteristics. 


(Alluvium '  Sand,  clay,  and  loam. 
Sand  duni's Wind-blown  sand. 
Equus  beds >  Sand  and  clay. 

ir>- Undifferentiated |  Sand,  clay,  and  gravel,  loosirly  consolidated. 

a*ous Dakota  (?) :  Brown  to  yellow  soft  sandstone  and  clay. 

Red  shales. 


miferous  ( Permian) . . 


Red  to  gray  sandstone  and  conglomerate  (up- 
per sandstone). 
Red  shales. 
Trujillo '-{Red  to  gray  cross-bedded  sandstone  and  con- 
glomerate (middle  sandstone). 
Red  shales. 
Massive    to    cross-bedded    sandstone    (lower 

sandstone). 
Dark-red  or  magenta  shales  and  soft  sand- 

Tecovas ^    stones. 

Varieeated  shales  and  soft  sandstones. 

Red  clay. 

Massive  white  dolomite  (Alibates  lentil). 

Quartermaster -[Red  clays. 

Massive  white  gypsum  (Saddlehorse  lentil). 
Red  shales. 

Greer J  Massive  white  gypsum  in  ledges  interst ratified 

i      with  red  shales. 


►y  far  the  greater  part  of  these  rocks  are  of  Permian,  Triassic,  or 
tiary  age.  The  Permian  and.Triassic  rocks  are  generally  spoken 
us  red  beds,  owing  to  the  predominating  color  of  the  clay  which 
ns  a  large  proportion  of  these  deposits. 

arther  east  in  Texas  and  particularly  in  Oklahoma  the  Permian 
beds  are  well  exposed  and  iiave  been  divided  into  five  formations," 
Enid,  Blaine,  Woodward,  Greer,  and  Quartermaster.  In  the 
on  here  described  only  the  two  upper  formations  of  the  Permian 
beds  occur,  and  these  are  found  in  the  deep  canyons,  where  erosion 
cut  through  the  overlying  Triassic  and  Tertiary  formations.  The 
Lssic  red  beds  are  exposed  along  the  edge  of  the  Llano  Estacado  in 
as  and  New  Mexico,  as  well  as  in  the  canyons  cut  by  the  various 
ams  that  rise  in  the  southern  part  of  the  High  Plains.  Cretaceous 
:s  are  found  in  but  a  few  small  areas  in  the  extreme  northwestern 
:  of  the  region.  Tertiary  deposits,  which  make  up  the  greater 
:  of  the  rocks  of  the  High  Plains,  are  exposed  along  the  escarp- 
its  at  the  edge  of  the  plains,  in  the  shallow  valleys,  and  near  the 
;  of  the  deep  canyons  which  traverse  them.  Quaternary  rocks, 
>isting  mainly  of  dune  sand  and  alluvium,  form  the  superficial 
Dsits  in  parts  of  the  region  and  are  now  being  shaped  by  wind, 
pr,  and  other  agents  of  erosion. 


•  ra  discussion  of  the  corn'lalion  of  tho  Kan<a<^.  ^)klahoma.  an<l  Toxas  I'crmian  s<'o  Water-Sup. 
rr.  Paper  No.  148,  U.  S.  Gool.  Survey,  1905,  pp.  M-'SQ;  and  No.  154.  190(1.  pp.  1^23. 
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•der  and  age  of  the  formations  ar<»  shown  in  the  following 


Geologic  formations  of  the  Texas  PanlmrulU. 

I  Formation.  Characteristics. 


la  (Pennian). 


(Alluvium ;  Sand,  clay,  and  loam. 
Sand  dunes •  Wind-blown  sand. 
Equus  beds Sand  and  clay. 

Undifferentiated Sand.  clay,  and  gravel,  loosely  consolidated. 

Dakota  (?) Brown  to  j'cllow  soft  sandstone  and  clay. 

Red  shales. 

Red  to  gray  sandstone  and  conglomerate  (ui>- 

per  sandstone) . 
Red  shales. 
Trujillo '^  Red  to  gray  cross-bedded  sandstone  and  con- 
glomerate (middle  sandstone). 
Red  shales. 
Massive    to   cross-bedded    sandstone    (lower 

sandstone). 
Dark-red  or  magenta  shales  and  soft  sand- 

Teco  vas {    stones. 

Variegated  shales  and  soft  sandstones. 

Red  clay. 

Massive  white  dolomite  (Alibates  lentlh. 

{Quartermaster {Red  clays. 
Massive  white  gypsum  (Saddlehorse  lentil ». 
[Red  shales. 
Oreer Massive  white  gypsum  in  ledges  interstratified 

I      with  red  shales. 


•  the  greater  part  of  these  rocks  are  of  Permian,  Triassic,  or 
age.  The  Permian  and  Triassic  rocks  are  generally  spoken 
I  beds,  owing  to  the  predominating  color  of  the  clay  which 
large  proportion  of  these  deposits. 

?r  east  in  Texas  and  particularly  in  Oklahoma  the  Permian 
are  well  exposed  and  have  been  divided  into  five  formations," 
J,  Blaine,  Woodward,  Greer,  and  Quartermaster.  In  the 
?re  described  only  the  two  upper  formations  of  the  Permian 
occur,  and  these  are  found  in  the  deep  canyons,  where  erosion 
hrough  the  overlying  Triassic  and  Tertiary-  formations.  The 
red  beds  are  exposed  along  the  edge  of  the  Llano  Estacado  in 
id  New  Mexico,  as  well  as  in  the  canyons  cut  by  the  various 
that  rise  in  the  southern  part  of  the  High  Plains.  Cretaceous 
»  found  in  but  a  few  small  areas  in  the  extreme  northwestern 
the  region.  Tertiary  deposits,  which  make  up  the  greater 
he  rocks  of  the  High  Phiins,  are  exposed  along  the  escarp- 
:  the  edge  of  the  plains,  in  the  shallow  valleys,  and  near  the 
the  deep  canyons  which  traverse  thorn.  Quaternary  rocks, 
g  mainly  of  dune  sand  and  alluvium,  form  the  superficial 
in  parts  of  the  region  and  are  now  being  shaped  by  wind, 
rid  other  agcmts  of  erosion. 

ciission  of  the  corn-lalion  of  tho  Kansas.  Oklahoma,  arul  Texas  ri-rniian  seo  Water-Sup. 
K^r  No.  148,  U.  S.  iW^^\.  Siir^'oy,  190*).  pp.  .W-.Vy,  and  No.  IM.  19(Ki.  pp.  15-23. 
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PERMIAN. 
OREER   FORMATION. 

Tlio  Greer  formation,  as  exposed  in  the  western  part  of  the  Pan- 
handle of  Texas,  consists  of  red-clay  shale  interstratified  with  one  or 
more  ledges  of  hard  massive  gypsum,  which  is  white,  as  a  rule,  but 
here  and  there  exhibits  pinkish  or  bhiish  tints.  The  greatest  thick- 
ness of  the  gyi>sum  observed  in  the  district  is  20  feet.  It  is  exposed 
in  the  lower  portion  of  Canadian  and  Palo  Duro  valleys. 

Along  Palo  Duro  Canyon,  in  the  extreme  eastern  part  of  Randall 
County,  the  Greer  gj^psum  is  exposed  in  the  bottom  and  along  the 
sides  of  a  few  small  gullies  which  empty  into  Canyon  Cita  Creek 
half  a  mile  above  its  junction  with  Palo  Duro  Creek.  A  short  dis- 
tance east  of  the  Randall-Armstrong  county  line,  however,  the  gyp- 
sum becomes  more  conspicuous  along  the  bottom  of  the  canyon  and 
forms  heavy  ledges,  one  of  which,  3  miles  from  the  county  line,  is 
shown  in  PI.  V,  B,  About  12  miles  farther  east  the  gypsum  out- 
crops as  a  persistant  ledge  20  to  50  feet  thick  100  feet  or  more  above 
the  bed  of  the  river,  forming  the  cap  of  an  intercanyon  escarpment 
which  extends  for  more  than  50  miles  along  the  stream. 

In  the  valley  of  Canadian  River,  in  northeastern  Potter  and  south- 
eastern Moore  counties,  the  gypsum  l)eds  of  the  Greer  formation 
outcrop  on  l)oth  sides  of  the  river,  as  well  as  along  several  tribu- 
tary streams,  particularly  in  the  lower  valleys  of  Alibates,  Turkey, 
Plum,  Saddlohorst*,  and  Big  Canyon  creeks.  It  is  most  commonly 
seen  capping  rounded  mounds  or  small  llat-topped  buttes  standing 
out  in  th(»  level  vulley  or  as  extensive  flat  areas  of  soft  gray  or  white 
gj'psite  or  earth  gypsum.  The  gypsum  also  occurs  locally  in  this 
region  as  a  heavy  white,  pinkish,  or  bluish  ledge  10  to  15  feet  thick, 
exposed  along  the  small  ravines  which  em])ty  into  the  larger  creeks 
or  on  tli(»  slopes  of  some  of  the  higher  hills.  The  thickness  of  the 
ledgers  is  not  constant,  for  here,  as  els(»where,  the  lenticular  natim» 
of  the  various  nuMubers  of  the  red  beds  is  well  illustrated.  If  traced 
for  a  few  hundnMl  yards  a  lo-foot  ledge  of  gypsum  which  outcrops 
along  the  side  of  a  hill  may  be  found  to  thin  out  noticeably  or  even 
to  (lisapjx^ar  (Mitindy,  its  place  being  taken  by  sandstone  or  shale. 

The  l)eds  are  in  many  places  tilted  at  various  angles,  which  gives 
them  the  appearance  of  ha\'ing  ])een  folded  or  tlu'own  into  a  series 
of  waves.  This  phenomenon,  which  is  much  more  pronounced  far- 
ther east  than  it  is  in  this  region,  has  usually  been  explained  on  the 
h}^)othesis  of  subt(MTanean  erosion  of  the  soft  sliales  and  gypsum 
rather  than  that  of  regular  folding."  As  is  shown  later,  however 
(see  pp.  1<S-21),  there  is  in  the  red  beds  of  this  part  of  the  Panhandle 

oSvc.  Wut<T-Su|).  aiKl  Irr.  PajM^r  No.  1.'.4,  V.  S.  (Jetil.  Survey,  im)f>.  p.  20. 
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a  well-marked  series  of  anticlinal  and  synclinal  folds,  though  it  is  not 
known  that  these  had  any  influence  on  the  relatively  small  and 
erratic  folds  and  dips  of  the  Greer  formation. 

QUARTERMASTER    FORMATION. 

Genial  description. — The  Quartermaster  formaticm,  which  rests 
conformably  upon  the  Greer,  consists  for  the  most  part  of  soft  re<l 
sandstones  and  red  sandy  clays  and  shales.  In  Oklahoma,  where  it 
is  typically  exposed,  sandstone  predominates  to  such  a  degree  that 
the  formation  was  originally  designated  the  Quartermaster  sandstcme, 
but  in  the  western  part  of  the  Panhandle  red  shales  and  clay  make 
up  the  major  portion  of  the  beds,  although  soft  red  sandstones  are 
by  no  means  rare.  In  western  Oklahoma  and.  along  the  eastern 
escarpment  of  the  Llano  Estacado,  in  the  eastern  part  of  the  Pan- 
handle, the  thickness  of  the  Quartermaster  formation  varies  from 
-^00  to  300  feet,  but  farther  west  it  is  not  so  thick,  averaging  j>er- 
iaps  150  feet,  with  a  known  maximum  of  240  feet. 

The  red  shales  of  the  lower  part  of  the  Quartermaster  formation, 
list  above  the  top  of  the  Greer  gypsum,  ccmtain  a  considerable 
mount  of  gypsum,  most  of  which  is  in  the  form  of  bands  of  white 
r  pinkish  satin  spar.  Locally  these  bands  lie  parallel  to  the  bed- 
ing,  but  in  many  places  they  are  arranged  in  an  irregular  crisscross 
lanner  throughout  the  shale.  At  higher  horizons  there  are  certain 
>ntils,  composed  of  massive  gypsum  and  dolomite,  which  are 
pstricted  to  definite  localities.  These  are  described  later.  (See 
qx  16-18.) 

The  greater  part  of  the  Quartermaster  formation  in  the  western 
Manhandle  region  consists  of  alternating  beds  of  brick-red,  more  or 
ess  sandy  clay  and  scattered  ledges  of  soft  red  clayey  sandstone. 
"><>  similar  in  appearance  are  the  shales  and  sandstones,  however, 
that  it  is  frequently  difficult  in  the  field  to  separate  one  sharply 
from  the  other.  Being  soft,  both  the  shales  and  sandstones  are  sus- 
(•eptible  to  weathering  and  where  exposed  form  typical  badlands 
t^)pography.  Owing  to  the  homogeneity  of  the  material  of  which 
(hey  are  composed,  the  erosion  figures  produced  are  usually  more  or 
^ss  conical  or  p^Tamidal  in  form.  Many  of  them  are  large,  reaching 
^0  feet  in  height,  as  shown  in  PI.  V,  ^1. 
The  Quartermaster  formation  has  many  local  and  erratic  dips  and 
>lcls,  which  give  to  the  rocks  a  peculiar  wavelike  structure,  very 
^^ticeable  along  the  sides  of  clifTs  in  certain  localities.  As  a  rule 
^^  dipping  does  not  seem  to  he  caus<>d  by  ordinary  folding,  but,  as 
the  case  of  the  rocks  of  tlie  Greer  formation,  by  subterranean 
osion,  which  has  carried  away  the  soft  shales  and  soluble  gypsums 
-rieath  and  permitted  the  upper  members  to  shik  to  lower  levels. 
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Li  Palo  Dure  Canyon,  in  eastern  Randall  County,  the  Quartermaster 
formation  is  well  exposed  both  along  the  main  canyon  and  on  various 
tributary  streams,  particularly  Canyon  Cita,  Sunday,  and  Timber 
creeks.  With  the  exception  of  a  few  inconspicuous  outcrops  of  the 
Greer  g^^psum  it  is  the  lowest  formation  exposed  in  the  canyon  and 
may  be  traced  for  10  miles  or  more  above  the  point  where  Palo  Diiro 
Creek  leaves  the  county.  Along  the  edge  of  the  canyon  the  vivid 
brick-red  shales  which  constitute  the  Quartermaster  are  easily  dis- 
tinguished from  the  somewhat  less  brilliant  maroon,  yellow,  magenta, 
and  light-colored  shales  of  the  Triassic  red  beds  and  Tertiary  deposits 
higher  in  the  canyon  wall. 

The  Quartermaster  formation  is  also  well  exposed  in  the  valley  of 
Canadian  Kiver,  where  it  is  characterized  by  two  marked  peculiarities 
not  noticeable  in  Palo  Duro  Canyon.  First,  the  Quartermaster  for- 
mation and  also  the  overlying  Triassic  rocks  have  been  folded  into 
broad,  sliaUow  anticlines  and  synclines  (see  PI.  IV,  p.  14),  which  are 
recognized  only  when  the  stnicture  is  studied  in  a  broad  way;*  and, 
s(K*ond,  the  formation  here  contains  two  members  (classed  as  lentils), 
one  of  gypsum  and  one  of  dolomite,  which  so  far  as  known  do  not 
appear  elsewhen*  in  Texas  or  Oklahoma. 

Saddhliorsf  gvps^um  lentil. — In  the  vallc}^  of  Canadian  River,  at  60 
to  80  f<H*t  above  the  base  of  tlie  Quartennaster  formation,  there  occurs 
a  ledge  or  hnlges  of  massive  white  gypsum  interst ratified  with  the 
red  shales.  In  some  places  the  gypsum  is  a  single  ledge  4  feet  ur 
more  thick;  in  others  there  are  two  Knlgcs  respectively  2  and  3  feet 
thick,  separated  by  red  clay;  and  here  and  there  even  three  separate 
ledges  are  observed.  The  total  thickness  of  the  gypsiferous  beds, 
however,  rarely  exceeds  10  feet. 

This  gy |)suni,  known  as  the  vSaddlehorse  lentil,  from  one  of  the 
creeks  on  wliich  it  typically  occurs,  is  exposed  along  the  bluffs  of 
various  creeks  tributary  to  the  Canadian,  |)arlicularly  on  Big  Canyon. 
Plum,  Alihates,  Saddlehorse,  and  Turkey  creeks  in  eastern  Potter 
County,  and  on  Dixon  and  Antelope  cn^c^ks  in  Carson  County.  Farther 
west,  on  West  Amarillo,  Horse,  and  Tecovas  creeks  and  along  the 
blull's  of  Canadian  River,  the  gypsum  a|)]>(Mirs  in  the  lower  part  of  the 
blulVs,  as  shown  in  PI.  Vf,  J>.  In  the  extnMiie  western  part  of  the 
State.  ncMir  the  mouth  of  Trujillo  Creek  and  along  the  bluffs  borderinfr 
the  Canadian  both  above  and  bellow  this  point,  th(»  gypsum  also  occurs 
in  two  ledges,  each  .'^  fe(^t  thick.  The  Saddlehorse  lentil  is  not  exposed 
between  Las  Achias  and  Tecovas  creeks,  a  distaTice  of  l]n  miles,  hut, 
as  will  be  explained  later,  tlu^n^  is  in  this  region  a  synclinal  fold  in  the 
red  beds  which  carri(\s  all  the  PcM'niian  rocks  beneath  the  surface. 
The  gypsum  lentil  is  not  known  to  occur  in  Palo  Duro  Canyon  nor 
at  points  in  western  Oklahoma  and  in  the  eastern  ])art  of  the  Paii- 

"  Soi'  |ip.  is  lil  f  or  u.  furtlMT  (lisciis.sioii  of  thi.v  siil>j«it. 
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idle  i)f  Texas,  where  the  Quartermaster  formation  is  typically 
mscd. 

Uihates  dolomite  lentil. — In  the  upper  part  of  the  Quartermaster 
mation,  wherever  it  is  exposed  alonp;  Canadian  River,  there  occurs 
<TV  persistent  ledge  of  dolomite.  It  is  white,  massive,  and  more 
loss  flinty,  and  exhibits  deflnite  lines  of  lamination  which  have  a 
vv,  plicated  structure.  This  dohmiite,  which  is  designated  the 
hates  lentil,  from  Alibates  Creek,  where  it  is  well  exposed,  is  the 
•(lost  rock  exposed  in  the  region,  and  for  that  reason  resists  erosion 
1  fonns  the  cap  rock  of  conspicuous  bluffs  and  cliffs  along  Canadian 
ror  and  many  of  its  tributaries.  The  rock  is  cut  by  a  regular  series 
master  joints  and  on  weathering  breaks  into  rectangular  blocks 
icli  lodge  on  the  slopes  l)elow.  Usually  there  are  two  distinct 
ninite  ledges,  the  lower  being  8  feet  and  the  upper  2  feet  thick. 
cy  are  separated  by  4  feet  or  more  of  red  clay,  so  that  the  com- 
10(1  thickness  of  the  dolomite  and  interbedded  clav  is  approximately 

f(H»t. 

This  dolomite  is  c(msidered  a  lentil  from  the  fact  that  so  far  as 
own  it  does  not  occur  elsewhere  in  the  Quartennaster  fonnation. 
oro  is  a  ledge  of  white  dolomite  in  the  Quartermaster  on  Salt  Fork 
Rod  River  3  miles  north  of  C-larendcm,  Tex.,  and  another  on  South 
rk  of  Red  River  about  10  miles  southwest  of  Clarendon,  but  neither 
tlios(»  is  known  to  occur  at  the  same  horizon  as  the  Alibates. 
In  its  general  structure  the  Alibates  dolomite  resc^mbles  very  closely 
'  Day  Creek  dolomite,  which  constitutes  the  up])er  member  of  the 
:>o(hvard  formation  of  the  Permian  red  beds  in  Kansas  and  Okla- 
'ua.  Like  the  Day  Creek  it  is  white,  hard,  massive,  and  laminated, 
isjsiing  usually  of  two  ledges  separated  by  red  clay  and  forming 
caj)  of  conspicuous  bluffs  and  numerous  small  cany(m  walls  in  the 
ion  where  it  outcrops. 

'I  some  places  the  appearance  of  the  dolomite  difFei-s  slightly  fnmi 
normal.  A  noteworthy  example  is  near  the  mouth  of  Tnijillo 
^k  east  of  the  New  Mexico  line,  where  it  is  a  light-brown  or  yellow- 
J^ray  rock.  In  stnicture  it  exhibits  peculiar  wavy  laminations  and 
racteristic  block  fracture,  but  as  seen  in  the  ledge  or  in  fresh  frac- 
^  it  resembles  a  hard,  iine-grained  (luartzite.  Chemical  analysis, 
ever,  shows  that  calcium  and  magnesium  carlxmate  are  present 
h  only  a  small  percentage  of  silica.  In  the  Tnijillo  locality  the 
>niite  contains  a  largt^r  amount  of  flint,  occurring  in  the  form  of 
ij^ated  concretions,  than  is  common  in  most  places.  Flint  is  also 
sent  in  considerable  (iuantiti(^s  in  the  upper  IcMlge  of  the  Alibates 
ig  Big  Canyon  Creek  in  northern  Potter  County,  wliere  fragn;?nts 
\v  the  ground  along  the  (livi(l(\s  between  various  branches  of  the 
'k.  Here  and  there  in  this  vicinity  the  doh)mite  outcrops  on  the 
iRR  191—07 2 
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surface ;  revealing  the  fact  that  the  entire  ledge  has  here  become  aga- 
tized.  It  exhibits  a  most  beautiful  combination  of  colors,  chiefly 
red,  blue,  and  white.  Rejects  and  chipped  flakes  scattered  on  the 
surface  indicate  that  the  Indians  have  used  the  flint  in  the  manufac- 
ture of  arrow  points  and  other  implements. 

The  fact  has  been  mentioned  that  an  anticlineHsyncline  structure 
is  exhibited  along  the  valley  of  Canadian  River.  As  the  Alibates  dolo- 
mite is  the  hardest  rock  foimd  anywhere  along  this  valley  it  serves  as 
a  convenient  horizon  of  reference,  and  by  means  of  it  the  system  of 
folds  may  be  traced  in  most  places  with  comparative  accuracy.  For 
this  reason  mainly  the  structure  and  exposures  of  the  dolomite  will 
be  discussed  at  the  same  time.  Along  Canadian  River  the  dip  of 
most  of  the  formations  is  about  the  same  as  the  slope  of  the  plains  or 
of  the  stream  bed,  being  approximately  10  feet  to  the  mile  tow'ard  the 
east.  This  is  shown  by  the  fact  that  the  Alibates  dolomite  is  found  at 
nearly  the  same  height  above  the  river  in  eastern  Moore  and  Hutch- 
inson counties  as  it  is  near  the  New  Mexico  line  80  to  100  miles  farther 
west.     PI.  IV  (p.  14)  illustrates  the  structure  of  the  beds. 

The  easternmost  exposure  observed  of  the  Alibates  dolomite  lentil 
is  on  the  bluffs  north  of  Canadian  River  east  of  Plemons,  the  county 
seat  of  Hutchinson  County.  It  forms  the  cap  of  conspicuous  bluffs 
along  the  river  and  several  of  its  tributaries,  notably  Kit  Carson, 
Dixon,  and  Antelope  creeks,  in  Hutchinson  and  Carson  counties.  In 
southeastern  Moore  and  northeastern  Potter  counties  it  is  on  the  bluffs 
along  a  number  of  creeks,  the  chief  of  which  are  Big  Blue,  Plum,  Big 
Canyon,  Saddlohorse,  Turkey,  and  Alibates.  In  this  region  the  height 
of  the  ledge  above  the  river  varies  from  180  to  250  feet.  In  this  region 
also  the  Greer  gypsum  is  exposed  along  the  Canadian  and  the  various 
minor  streams  as  mounds  in  the  valleys  or  as  ledges  near  the  stream 
level.  The  vertical  distance  between  the  Greer  gj-psum  and  the 
Alibates  dolomite  varies  locally  from  180  to  200  feet,  the  maximum 
observed  interval  being  on  the  Leaverton  ranch,  near  the  Moore- 
Potter  county  line.  The  following  sections  illustrate  the  structure  of 
the  Quartermaster  formation  in  this  region: 
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Section  of  Quartermaster  and  Greer  formations  on  Big  Canyon  Creek,  northern  Potter 

County y  Tex. 
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Sections  of  the  Tertiary  and  of  the  Quartermaster  and  Oreer  formations  on  the  bluffs  north  of 
Canadian  River  at  Leaverton  ranch,  southeastern  Moore  County,  Tex. 
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Near  the  mouth  of  Bonita  Creek  the  dolomite  ledge  is  carried  down- 
vrard  under  the  bed  of  the  river  along  a  synclinal  fold,  and  the  upper 
sandstone  and  clay  members  of  the  Triassic  red  beds  are  brought  to  a 
lower  level,  where  they  form  more  or  less  conspicuous  bluffs  on  both 
sides  of  the  river  for  several  miles.  In  the  vicinity  of  Ranch  and 
Pedrosa  creeks  the  bluflfs  are  formed  by  a  heavy  ledge  of  sandstone, 
the  lowermost  of  three  heavy  sandstone  members  of  the  upper  forma- 
tion of  the  Triassic.  The  ledge  is  here  approximately  75  feet  higher, 
geologically,  than  the  Alibates  dolomite.  Near  the  mouths  of  Pitcher 
and  East  Amarillo  creeks  the  dolomite  again  appears  on  the  surface 
along  the  western  limb  of  the  syncline  and  is  exposed  along  an  anti- 
cline which  extends  westward  for  a  distance  of  about  10  miles  up  the 
river.  In  this  locality  both  the  river  and  its  tributary  creeks,  West 
Amarillo,  Horse,  and  Tecovas,  have  cut  steep-sided  canyons  through 
the  dolomite  and  into  the  imderlying  red  clays.  The  height  of  the 
Alibates  above  the  river  here  reaches  a  maximum  of  125  foot  on  Horse 
and  Tecovas  creeks,  but  is  usually  considerably  less.     PI.  VI,  B  shows 
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uniform  in  thickness  throughout  the  region,  and  in  only  one  locality, 
so  far  as  observed,  have  they  been  entirely  removed,  so  that  the 
Triassic  beds  rest  directly  upon  the  dolomite.  This  locality'  is  in  the 
western  part  of  the  Panhandle,  at  the  mouth  of  TrujiUo  Creek,  and 
even  here  10  feet  or  more  of  the  red  shales  of  the  upper  Quartermaster 
are  locally  present. 

The  Triassic  red  beds  as  exposed  in  the  western  part  of  the  Pan- 
handle of  Texas  consist  of  150  to  300  feet  of  shales  with  interbedded 
ledges  of  sandstone  and  conglomerate.  The  beds  as  a  whole  may  be 
referred  to  two  well-differentiated  formations. 

At  the  base  of  the  group  are  shales  known  as  the  Tecovas  forma- 
tion, while  at  the  top  are  beds  composed  usually  of  three  ledges  of 
massive,  more  or  less  cross-bedded  sandstone  and  conglomerate  sepa- 
rated by  red  shales  to  which  the  name  TrujiUo  has  been  applied.  In 
the  following  discussion  these  sandstone  ledges  will  be  referred  to  as 
the  lower,  middle,  and  upper  sandstones.  The  following  sections,  one 
on  North  Branch  of  North  Canyon  Cita  Creek,  a  tributary  of  Palo  Duro 
Creek,  and  the  other  on  West  Amarillo  Creek,  show  the  stratigraphy 
of  the  Triassic  and  associated  formations. 


Geologic  sfction  on  North  Branch  of  North  Canyon  Cita  Creeky  eastern  Randall  County. 
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Yellow  shales  with  iron  concretions ,  20 

Maroon  shales  with  iron  concretions 20 

^^^^ite  to  lavender  shales '  ^^ 

lied  shales  with  white  bands  and  le«lgeM  of  soft  sandstone. '  li"** 
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Generalized  section  on  West  Amarillo  Creeks  Potter  County ,  Tex. 


System. 


TertiAry 

V  nconformity. 


Triassic.. 


Formation. 


IT  nconformity. 


CarboniferooB. 
(Permian). 


Trujiilo. 


Teoovas. 


Quartermaster . . . 


Member. 


Character. 


Sand  and  clay. 


Red  clay 

Massive  sandstone  (middle  sandstone)... 

Red  shale  with  thin  sandstone  ledges 

Red  or  gray  massive  sandstone  and  con- 
glomerate, with  shale  bands  (lower 
sandstone). 

Dark-red  shales  with  bands  of  white 
and  green,  near  the  base  some  sand- 
stone bands. 

Red  and  yellow  shales 

Maroon  and  lavender  shales 


Thick- 
ness. 


Alibates  dol- 
omite len- 
til. 


I  Brick-red  shales  with  sandstone  ledges... 

(White  dolomite ' 
Red  shale 
Massive  dolomite 

I  Brick-red  shales  with  white  and  green  I 
bands.  , 


Feet. 
IfiO 

30 
16 
20 
25 


fiO 


15 
15 

40 
2 
6 
8 
+40 


TECOVAS   FORMATION. 

The  Tecovas,  the  basal  formation  of  the  Triassic  red  beds,  as  exposed 
in  this  part  of  the  State,  consists  largely  of  shales.  It  is  divided  litho- 
logically  into  two  parts,  distinguished  by  the  texture  and  color  of  the 
rocks.  Of  these  the  lower  is  composed  of  more  or  less  sandy  shale 
of  various  colors,  with  maroon,  lavender,  yellow,  and  white  predomi- 
nating, and  the  upper  of  dark-red  or  magenta  shale.  In  the  following 
pages  these  will  be  referred  to  as  the  variegated  and  magenta  shales. 

The  Tecovas  formation,  so  designated  from  a  creek  in  Potter  County 
where  the  rocks  are  well  exposed,  rests  unconformably  upon  the  Quar- 
termaster beds  of  the  Permian.  Its  thickness  varies  in  different  locali- 
ties, being  220  feet  in  Palo  Duro  Canyon  and  only  90  feet  along  Cana- 
dian River.  It  is  well  exposed  in  both  localities.  The  following 
section,  on  West  Amarillo  Creek,  shows  the  characteristic  stratigraphy 
of  the  Tecovas  formation  in  that  vicinity: 

Geologic  section  on  West  Amarillo  Creek,  10  miles  northwest  of  Amarillo,  Tex. 


System. 


Formation. 


g   .  [Triijillo. 


Tria 


18  I 

«     [Tecovas. 


Unconformity. 

*  arJ)onifpn>us      Quartermaster . 
(Permian). 


Character. 


Thick- 
ness. 


Yellow  to  gray,  cross-liedded  sandstone  (lower  sand- 
stone'). 
(Dark-red  shale 
Yellow  shale 
Maroon  and  reddish-brown  shale | 
Lavenrler  shale | 

Brick-red  shale ! 


Feet. 


15 

30 
15 
12 
10 


25 


The  variegated  shales  lie  immediately  above  the  upper  eroded  sur- 
face of  the  Quartermaster  formation,  with  which  they  form  a  vivid 
^olor  contrast.     The  shales  of  the  Quartermaster  are  everywhere  a 
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brilliant  brick-red,  while  the  lower  Triassic  shales  are  variegated,  with 
white,  lavender,  maroon,  wine  color,  and  yellow  predominating.  The 
rocks  consist  usually  of  sandy  shales,  more  or  less  cross-bedded  and 
lenticular,  but  contain  in  many  localities  beds  of  variously  colored 
soft  sandstone.  The  color  of  the  shale  is  due  largely  to  the  presence 
of  iron,  and  many  dark-colored  clay-ironstone  concretions  weather  out 
at  the  surface  and  lodge  on  the  slopes  below.  The  shales  are  generally 
hard  and  firm,  weathering  into  steep  slopes  with  deep  V-shaped 
gullies  and  sharp  intervening  ridges. 

In  general,  the  variegated  shales  are  composed  of  three  more  or 
less  sharply  marked  zones — a  lower  zone  of  white,  gray,  or  lavender; 
a  middle  zone  of  maroon  or  wine  color,  and  an  upper  zone  of  light 
yellow  or  sulphur  yellow.     Usually  the  colors  grade  into  each  other, 
so  that  it  is  difficult  to  divide  the  various  zones  sharply.     The  thick- 
ness of  the  zones  varies  considerably  even  within  short  distances, 
and  it  is  not  uncommon  for  shales  of  a  certain  color  to  disappear 
altogether.     For  instance,  the  wliite  or  lavender  shales  at  the  base 
of  the  formation  are  usually  present,  but  in  some  localities  this  zone 
is  wanting  and  the  maroon  and  wine-colored  shales  rest  unconform- 
ably  upon  the  eroded  upper  surface  of  the  Quartermaster  formation. 
Even  where  all  the  zones  are  present  the  thickness  is  subject  to  con- 
siderable variation,  as  is  illustrated  in  the  following  table,  whicb 
includes  typical  sections  showing  the  tliickness  not  only  of  the  varie- 
gated shales,  but  also  of  the  overlying  and  underlying  rocks  at  two 
localities  in  this  region: 

G(oh(jic  sccticniit  illustrating  thr  xHiryiruj  thicknt'ss  of  the  ivriegated  shales. 

L*ALO  Dl'RO  CANYON. 


P'onnation. 

ChjiractiT. 

Thickness. 

Ti'covas 

Mof^'nta  shales 

Variegated  shaU-n: 
{        Yellow 

;     Feet.         Feet. 

150              1-^ 

12'             ?S 

Unconfonnity. 
Qiuirti'nnastcr 

Maroon 

White  or  laveinler 

20  1  ^ 
:            1501             15^ 
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Character. 

Thickness 

mat  ion. 

1  mile       2  miles 
north  of    south  of 

Fort          Fort 

Worth      Worth 
and  Den-:  and  Den- 
ver City    vcrCity 

R.  R.         R.  R. 

Imile 
south  of 
Fuqua's 

ranch. 

(Magpnta  Rhalpti> 

Feet.          Feet.         Feet. 
75               45                10 

Variegated  shales: 

YeUow 

Maroon 

I       White  or  lavender 

10               15                15 

ty- 

lev 

10  ;              15                   5 
10                  10 

20  i            20                la 

tain  localities  the  variegated  shales  lose  their  clayey  charac- 
become  largely  or  entirely  sandstone.  This  sandstone,  how- 
Ters  so  widely  in  both  structure  and  general  appearance  from 
•  sandstone  found  in  either  the  Permian  or  Triassic  forma- 
the  region  that  it  is  always  easily  recognized.  In  general 
ite,  yellow,  or  light  brown  in  color,  soft  and  friable,  and 
Liassive,  and  much  of  it  contains  only  a  small  amount  of 
ig  material,  so  that  on  exposure  it  weathers  easily,  forming 
rounded  or  dome-shaped  masses,  which  at  a  distance  bear 
i  resemblance  to  small  buildings.  A  cluster  of  these  pecul- 
m  forms  in  the  valley  of  Canadian  River  on  the  L.  S.  ranch, 
south  of  Tascosa,  is  known  locally  as  **Rock  City.''  At  the 
>f  Trujillo  Creek,  near  the  New  Mexico  line,  the  variegated 
re  represented  by  a  liglit-colored  soft  sandstone  wath  here 
:*e  a  red  member,  and  near  the  mouth  of  Bonita  Creek,  in 
itern  Potter  County,  by  a  very  similar  sandstone.  At  both 
5  the  sandstone  contains  a  large  amount  of  fossil  wood, 
►eing  exposed  by  weathering,  lies  scattered  on  th6  surface, 
ijated  shales  lying  unconformably  upon  the  Quartermaster 
•n  are  exposed  all  along  Palo  Duro  Canyon  in  Armstrong 
:;cm  Randall  counties,  where  they  are  easily  recognized  bj^ 
1  contrast  of  their  maroon  and  yellow  colors  with  the  duller 

the  associated  fonnations.  On  Canadian  River  and  its 
es  the  variegated  shales  are  in  some  places  exposed  ^nd  in 
overed  by  Tertiary  wash  from  the  liills.     In  some  localities 

carried  beneath  the  surface  by  the  synclines.  In  the  east- 
,  of  the  area  the  variegated  shales  are  exposed  at  various 
long  Bonita  Creek.  Near  Lee's  ranch,  north  of  Canadian 
lie  beds  are  covered,  but  they  appear  along  both  East  Ama- 
i  West  Amarillo  creeks  and  on  Tecovas,  John  Ray,  and 
Teeks  farther  west.  In  the  vicinity  of  Tascosa  the  varie- 
ties appear  at  intervals  on  the  surface,  being  here  repre- 
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sented  by  the  sandstone  phase.  This  phase  is  also  found  along  Tni- 
jillo  Creek  and  several  other  creeks  near  the  New  Mexico  line. 

The  upper  part  of  the  Tecovas  formation  is  composed  chiefly  of 
shales  having  a  magenta  color,  which  differs  materially  from  the  typi- 
cal brick  red  of  the  Quartermaster  shale  and  other  Permian  red-beds 
formations  and  from  the  lavender,  maroon,  and  yellow  of  the  varie- 
gated shales.  The  thickness  of  the  magenta  shale  varies  in  different 
localities,  being  120  to  150  feet  in  Palo  Duro  Canyon  and  50  to  75 
feet  on  Canadian  River. 

The  magenta  shales  outcrop  aJong  Palo  Diu-o  Canyon  and  Canadian 
River  and  their  tributaries,  appearing  between  the  variegated  shales 
and  the  heavy  basal  sandstone  of  the  Trujillo  formation.  From  tibe 
rim  of  Palo  Duro  Canyon  the  color  contrasts  between  the  magenta 
shales,  the  underlying  variegated  shales,  and  the  Quartermaster  beds 
are  very  striking.  No  fossils  except  the  petrified  wood  are  known  to 
occur  in  the  Tecovas  formation. 

TRUJILLO   FORMATION. 

The  upper  part  of  the  Triassic  red  beds,  as  exposed  in  the  Panhandle 
of  Texas,  consists  of  several  ledges  of  massive  more  or  less  cross-bedded 
sandstone  and  conglomerate,  with  interbedded  red  and  gray  shales. 
These  constitute  the  Trujillo  formation,  so  named  from  a  creek  in  Old- 
ham County.     In  most  sections  there  are  three  well-defined  ledges, 
but  here  and  there  the  number  is  increased  to  five  or  more  by  local 
cross-bedding  or  by  the  appearance  of  lentils.     This  formation  is 
exposes!  in  Palo  Duro  Canyon  and  on  Canadian  River,  as  well  as  on  the 
creeks  tributary  to  both  streams.     As  it  is  the  liighest  formation  of  the 
red  beds  in  the  region,  it  outcrops  in  many  (»ases  at  a  considerable  dis- 
tance back  from  the  larger  streams  and  near  the  heads  of  the  creeks. 
Its  upper  part  shows  evidence  of  extensive  erosion,  and  in  a  number  of 
localities  the  hiirhest  sandstone  member  and  a  considerable  part  of  the 
underlyhig  shale  were  removed  previous  to  the  deposition  of  the  Ter- 
tiary rocks,  which  lie  unctmforinahly  u])on  the  Triassic.     It  is  notice- 
able that  in  many  localities  wh(»re  the  Tertiary  is  thinnest  the  under- 
lying Ti'ujillo  formation  reaches  its  maximum  thickness.     This  is  weU 
illustrated  in  Palo  Duro  Canyon,  where  40  f(»et  of  Tertiary  rocks  over- 
lie 250  feet  of  the  Trujillo,  w  hile  altnig  Canadian  River,  w^here  the  Ter- 
tiary deposits  are  thick,  the  TrujilK)  is  correspimdingly  tliin. 

Along  Palo  Duro  Canyon  and  in  the  valley  of  Canadian  River  ther^ 
occurs  near  the  middle  of  the  Triassic  red  beds  a  persistent  ledge  C^^ 
massive  sandstone  which  constitutes  the  lower  member  of  the  Trujill^ 
formation.  This  sandstone  is  in  most  ])laces  fhie  grained  and  massive^ 
but  here  and  there  it  becomes  cross-lxnlded  and  conglomeratic.  Ic" 
certain  localities—  as,  ftn*  instance,  in  Palo  Duro  Canyon  and  its  tribu  ^ 
taries-  the  ledge  is  divided  into  two  or  more  subordinate  beds  by  tlic^' 
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interposition  of  shale  lentils.  In  color  it  is  gray  or  brown,  rarely 
white  or  red,  its  subdued  tint  forming  a  marked  contrast  to  the  more 
vivid  red  and  variegated  shales  both  above  and  below.  The  thickness 
varies  in  different  localities,  having  an  observed  maximum  of  60  to  75 
feet  in  Palo  Duro  Canyon  and  on  Canyon  Cita  Creek,  while  on  Cana- 
dian River  it  does  not  average  more  than  25  feet. 

In  Palo  Duro  Canyon  and  its  tributaries  the  lower  sandstone  is  well 
exposed  as  a  precipitous  cUff,  which  outcrops  about  halfway  up  the 
canyon  wall.  So  steep  is  this  cUff  that  it  forms  an  impassable  barrier 
for  many  miles  along  the  canyon,  and  in  only  a  few  localities  are  there 
trails  where  a  horse  can  be  led  from  the  High  Plains  down  into  the 
canyon.  In  this  region  the  sandstone  weathers  iato  peculiar  erosion 
forms,  some  of  the  most  striking  of  which  are  shown  in  PI.  II,  A  (p.  10) . 
Along  Canadian  River  the  sandstone  is  as  a  rule  well  exposed.  Owing 
to  its  hardness  it  resists  erosion,  forms  conspicuous  ledges,  and  thus 
becomes  a  convenient  horizon  of  reference.  Particularly  is  this  true 
in  localities  where  synclines  have  carried  the  imderlying  beds,  notably 
the  Alibates  dolomite,  beneath  the  surface,  in  which  case  the  lower 
sandstone  forms  the  cap  of  the  bluffs  along  the  river.  This  condition 
is  well  exemplified  in  northern  Potter  County  on  both  sides  of  the 
river,  between  the  mouths  of  Bonita  and  East  Amarillo  creeks.  The 
best  examples,  however,  are  farther  west  in  northwestern  Potter  and 
northeastern  Oldham  counties,  where  the  lower  sandstone  forms  con- 
spicuous bluffs  on  both  sides  of  the  river  and  on  such  tributary  creeks 
as  Sierra  de  la  Cruz,  Parker,  Cheyenne,  and  Alamosa.  In  localities 
where  the  Ahbates  dolomite  forms  the  river  bluff  the  sandstone  above 
described  is  found  near  the  head  of  creeks  at  some  distance  from  the 
river. 

Separated  from  the  lower  sandstone  by  a  bed  of  red  or  gray  shales 
15  to  60  feet  thick  is  a  very  persistent  ledge  of  sandstone  and  con- 
glomerate, here  designated  the  middle  sandstone.  It  consists  in  most 
places  either  of  coarse,  heavy,  cross-bedded  sandstone,  red  or  gray  in 
color,  or  of  cross-bedded  lenticular  conglomerate  with  pockets  and 
lenses  of  clay.  The  pebbles  which  make  up  the  conglomerate  com- 
prise various  rocks,  both  igneous  and  sedimentary,  with  granite, 
quartz,  sandstone,  clay,  and  limestone  predominating.  In  size  they 
vary  from  sand  grains  to  fragments  3  to  4  inches  in  dianieter.  A  few 
of  the  pebbles  are  angular,  but  the  majority  are  smooth  and  water- 
worn.  In  certain  localities  almost  the  entire  tliickness  of  the  ledge 
consists  of  a  peculiar  conglomeratic  clay  composed  of  small  fragments 
of  clay  or  limestone,  many  of  them  no  larger  than  a  pea,  ccmtained  in  a 
iJ^atrixof  sandy  clay,  the  wliole  having  a  mottled  appearance.  As  in 
^he  case  of  the  lower  sandstone,  tliis  middle  sandstone  consists  locally 
of  two  ledges  of  conglomerate  or  sandstone  separated  by  shales. 
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The  thickness  of  the  ledge  is  variable,  attaining  a  known  Tnaximum 
of  40  feet  on  South  Canyon  Cita  Creek,  while  in  the  valley  of  the 
Canadian  it  averages  10  feet  with  a  maximum  of  20  feet.  In  certain 
localities  along  the  Canadian  and  its  tributaries  the  middle  sandstone 
has  been  removed  by  pre-Tertiary  erosion  and  does  not  appear.  Its 
best  exposures  are  found  along  Palo  Duro  Canyon  and  its  tributaries, 
where  it  forms  a  persistent  ledge  40  to  60  feet  above  the  lower  sand- 
stone and  along  Sierra  de  la  Cruz,  Alamosa,  and  Trujillo  creeks, 
southern  tributaries  of  the  Canadian,  where  it  is  exposed  as  a  promi- 
nent ledge,  as  a  rule  near  the  tops  of  the  hills. 

The  middle  sandstone  is  the  lowest  hori7X)n  of  the  Triassic  in  ndiich 
fossils  have  been  observed.  Remnants  of  bones  and  plates  were 
secured  from  the  conglomerate  beds  or  as  weathered  fragments  on 
the  slope  l>elow.  These  s|)ecimens  were  referred  to  Dr.  T.  W.  Stanton, 
who  reports  as  follows:  '  The  fossils  have  been  examined  by  Mr.  J.  W. 
Gidley,  of  the  National  Museum,  who  reports  that  they  are  fragments 
of  jaw,  femur,  and  skin  plates  of  a  belodont,  probably  Phyiosaunis 
supercUio&us  Cope.  The  fossils  are  considered  characteristic  of  the 
Triassic  period.'' 

This  leaves  Uttle  doubt  as  to  the  age  of  the  middle  sandstone,  and 
as  the  entire  group  between  the  base  of  the  Tertiary  and  the  top  of  the 
Quartermaster  formation  is  apparently  conformable  there  is  good 
reason  for  considering  both  the  Tecovas  and  Trujillo  formations 
Triassic  in  age. 

Still  higher  in  the  Trujillo  formation  as  expose^l  in  this  region 
a]){)ears  another  ledge,  here  called  the  upper  sandstone.  It  does  not 
(Hirer  lithologically  from  the  middle  sandstone.  It  is  a  brown  to  gray, 
coarse,  cross-bedded  sandstone  or  conglomerate  with  pockets  and 
lenses  of  clav,  which  divide  the  member  locally  into  two  or  more  well- 
defined  beds.  The  pebbles  which  make  up  the  conglomerate  are 
coinposetl  of  clay,  sandstone,  limestone,  ironstone,  granite,  fragments 
of  bone,  etc.,  closely  resembling  those  of  the  middle  sandstone. 

The  best  exposures  of  the  upi)er  sandstone  are  in  Palo  Duro  Canyon 
and  its  tributaries,  particularly  along  Canyon  Cita  Creek,  where  it  is 
30  feet  thick.  It  is  noticeable  that  in  this  locaUty  the  Tertiary 
deposits,  which  hi  most  places  on  the  High  Plains  attain  a  thickness 
of  several  hundred  fe(»t,  are  relatively  thin,  being  here  in  places  not 
more  than  40  to  50  feet  thick.  St)  far  as  observed  the  upper  sand- 
stone is  not  exposed  on  the  Canadian  or  its  tributaries,  having  been 
carried  away  by  ])re-Tertiary  erosion. 

P\)ssils  similar  to  those  from  the  middle  sandstone  are  found  in  the 
upper  sandstone.  As  in  the  lower  beds,  fragments  of  bones,  teeth, 
plates,  etc.,  occur  as  parts  of  the  conglomerate,  or  if  weathered  out 
an*  found  on  the  shale  slopes  below. 

The  following  sections  illustrate  the  stratigraphy  of  the  Permian, 
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riassic,  and  Tertiary  rocks  of  this  region.  The  first  section  was 
leasured  on  Timber  Creek,  one  of  the  tributaries  of  Palo  Duro  Creek 
I  the  southeastern  part  of  the  area,  while  the  second  Ls  from  Trujillo 
re«k,  a  branch  of  the  Canadian  in  the  extreme  western  part  of  the 
anhandle. 

Geologic  section  near  the  mouth  of  Timber  Creek,  eastern  Randall  County,  Te:r. 


Systpm. 
>rtiary 

Fonnation. 

Charat'ter. 

Thick- 
ness. 

Clills  of  sand,  gnravel,  and  clay 

Feet. 
200 

nconfomiity. 

f  Red  and  gray  shale,  with  ledges  of  sandstone 

40 

Trujillo 

TncovAfl 

Gray  to  red  sandstone  and  conglomerate,  cross-tx'dded 

(middle  sandstone). 
Red  and  gray  clavs  and  shales 

20 
3.5 

rfaaalc 

Brown,  gray,  and  red  massive  sandstone  and  conglom- 
erate, cross-bedded,  with  shaly  meml)ers  (lower  sand- 
stone). 

Dark-red  shale 

60 
140 

Sulphur-3rellow  shale,  with  iron  concretions 

15 

Maroon  shale 

25 

^                1 

White  to  lavender  shale 

5 

nconformity. 
irboniferous 
(Permian). 

Qua 

rtcrmaater... 

Brick-red  shato,  with  ledges  of  soft  red  or  gray  sandstone. 

150 

Geologic  section  near  the  monmhf  Trujillo  Creek,  vrstem  Oldham  County,  Trx. 

Character. 


System. 


Formation. 


ertiary 
nconfonnity. 


•i 


'riassic. 


TrujUlo.. 
Tecovas. 


I 


TJoconformity. 


Gsrhonifprons 
(Permian). 


Quartermaster.. 


Sand,  clay,  and  pebbles i 

Gray  to  brown  sandstone  and  conglomerate  (middle 
sandstone). 

Red  shales,  with  bands  of  white  and  blue  shale  and  thin- 
bedded  sandstone. 

Heavy  brown  massive  sandstone  and  conglumerate 
(lower  sandstone). 

Clays  and  soft  sandstone:  dark-red,  yellow,  and  blue 
variegated  shale;  and  gr&y  and  yellow  sandstone,  with 
fossil  wood. 

Red  shale  and  shaly  sandstone,  unevenly  ero<le(l  at  the 
top,  locally  absent.  i 

Uard,  massive  brown  to  grav,  flinty  dolomite  (Alibates 
lentil). 

Red  shales 

White  gypsum,  locally  in  two  ledges  separated  by  nd 
shale  (Saddlenorse  lentil". 

Red  shale  from  l)cd  of  Canadian  River 
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CRETACEOUS  ROCKS. 

Exposures  of  Cretaceous  rocks  occur  in  northern  and  western  Dal- 
lam County,  the  northwestern  county  of  Texas,  along  the  valleys  of 
two  prairie  creeks^^Cold water  and  Perico.  These  crooks  are,  in  most 
places,  only  shallow  draws  on  the  flat  Tertiar}^  plains,  whoro  erosion 
has  removed  the  superficial  doposits,  thus  exposing  tho  underlying 
Cretaceous  beds.  So  far  as  known,  there  are  only  fivo  localities  in 
(he  county  where  Cretaceous  rocks  outcrop. 

Near  Agua  Fria,  or  Coldwator  Springs,  in  nortlioasteni  Dallam 
County,  bluffs  composed  of  brown  sandstone  and  varicolored  olays 
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are  exposed  for  a  mile  and  a  half  along  Coldwater  Creek.  The 
following  sections  illustrate  the  thickness  and  varying  character  of  ^ 
rocks  at  this  place: 

Section  '200  yards  southeast  of  Agua  Pria  Springs,  Dallam  County,  Tex. 

Feet. 

Yellowish,  white,  and  brown  sandstone 3 

Yellow  to  brown  sandstone,  cross-bedded,  locally  becoming  slialy  . .    30 
Sliale,  bluish  to  pink  and  brown 2 

35 
Section  three-fourths  mile  west  of  Agua  Fria  Springs,  Dallam  County,  Tex. 

Feet. 

Yellowish  to  bn)wn  sandstone 5 

White  shale 4 

Shaly  white  sandstone 3 

Blue  day 1 

Brown  to  chocolate-colored  shale 3 

16 

At  Buffalo  Springs,  18  miles  northeast  of  Texline,  Tex.,  half  a  mile 
south  of  the  Oklahoma  line,  there  is  m  exposure  of  yellow  and 
brown  sandstone  and  clay  extending  a  mile  or  more  along  two 
branches  of  Coldwater  Creek.  The  following  section  was  made  near 
the  junction  of  the  creeks: 

Section  near  junction  of  forks  of  Coldwater  Creek,  Dallam  County,  Tex. 

Feet. 

Tertiary  deposits  covering  slope  to  top  of  hill -f  50 

Sandstone,  c'n)ss-beddiH:l.  yellow,  brown,  and   black;  as  a  rule  in 

biKls  8  inches  to  1  foot  thick 12 

\Miite,  yellow,  drab,  and  red  shales,  with  thin  bands  of  soft  sand- 
stone           20 

4-82 

Other  sections  taken  near  this  locality  show  that  the  Cretaceous 
rocks  here  are  composed  largely  of  clay.  At  the  base  of  the  sandstone 
occur  the  Buffalo  Springs.  (See  p.  45.)  A  mile  and  a  half  to  the 
north,  just  across  the  State  line  in  Oklahoma,  there  is  an  outcrop  of 
Cretaceous  sandstone  approaching  quartzite,  gray,  yellow,  or  broWB 
in  color,  which  stands  out  as  a  prominent  rounded  knoll  20  feet  high 
and  100  yards  in  diameter. 

Near  Texline,  on  the  west  line  of  Dallam  County,  Cretaceous  rocks 
occur  in  three  localities.  On  Coldwater  Creek,  approximately  3 
miles  south  and  2  miles  east  of  the  northwest  comer  of  the  State, 
Cretaceous  shales  and  sandstone  outcrop  for  300  yards  or  more  along 
the  bottom  of  the  creek.  On  North  Perico  Creek,  2  miles  north  of 
Texline,  there  is  a  small  exposure  of  thin-bedded,  bro^v^l  to  yellow f 
more  or  less  cross-bedded  sandstone  and  clay.     These  deposits,  whicb 
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nd  about  half  a  mile  along  the  bottom  of  the  creek  valley,  lie 
:)nformably  beneath  the  Tertian^,  the  base  of  which  here  consists 
lay  and  conglomerate,  the  conglomerate  being  composed  of  sand- 
le  pebbles  derived  largely  from  Cretaceous  rocks.  On  South 
ico  Creek,  l\  miles  south  of  Texline,  Cretaceous  rocks  composed  of 
mating  shales  and  thin-bedded,  brown  to  yellow,  shaly  sandstone 
Jt  20  feet  thick  are  exposed  for  about  a  quarter  of  a  mile. 
)  far  as  known,  no  fossils  have  been  found  in  either  the  shale  or  the 
Istone  of  this  part  of  Texas,  nor  can  continuous  outcrop  be  traced 
ther  Cretaceous  beds  the  age  of  which  has  been  definitely  deter- 
?d.  For  these  reasons  exact  correlation  is  not  possible.  It  is 
>able,  however,  that  the  Cretaceous  rocks  of  Dallam  County,  Tex., 
[>f  the  same  age  as  beds  which  outcrop  farther  north,  west,  and 
hwest  on  Cimarron  and  Canadian  rivers  and  their  tributaries  in 
em  Oklahoma  and  northeastern  New  Mexico,  where  these  rocks 
ide  part  of  the  Comanche  as  well  as  the  Dakota. 

TERTIARY  AND  QUATERNARY  ROCKS. 
GENERAL    RELATIONS. 

3sting  unconformably  upon  the  eroded  surfaces  of  the  older  for- 
ons  throughout  the  western  part  of  the  Panhandle  of  Texas  is  a 
s  of  deposits  composed  largely  of  partly  consolidated  clay,  sand, 
pebbles  of  Tertiary  age.  In  former  times  these  Tertiary  rocks 
•ably  covered  all  the  older  formations,  and  even  now  the  older 
s  are  exposed  only  in  limited  areas,  chiefly  along  valleys  where 
-continued  erosion  has  removed  the  Tertiary  cover, 
eposits  of  Tertiary  age  cover  the  western  part  of  the  Great  Plains 
I  Canada  to  Mexico.  To  the  greater  part  of  these  rocks  the  gen- 
term  Loup  Fork  beds  has  been  applied,  and  they  have  been 
»ed  as  late  Miocene  or  Pliocene.  In  Nebraska  Darton  separates 
so-called  Loup  Fork  into  the  Arikaree  and  Ogalalla  formations, 
piing  the  former  to  the  Miocene  and  the  latter  doubtfully  to  the 
cene.**  Hay  and  others  in  Kansas  have  divided  the  Loup  Fork, 
he  basis  of  lithologic  character,  into  "Tertiary  grit*'  and  '*Ter- 
f  marl,^'  or  *' mortar  beds.^'  In  Texas  Cummins  and  Cope  have 
inguished  the  Loup  Fork,  Goodnight,  and  Blanco  beds,  the  Loup 
5  being  Miocene,  the  Goodnight  transitional,  and  the  Blanco 
cene  in  age.^ 

ying  upon  the  Tertiary  rocks  in  many  parts  of  the  plains  are  cer- 
i  Pleistocene  deposits,  sometimes  called  the  ''Ecjuus  beds/'  which 
most  places  do  not  difler  lithologically  and  can  not  bo  distin- 


arton.  N.  IT..  Preliminary  roport  of  the  g'olotry  jiikI  \v:it«^r  ri'soiireos  of  Nebraska  west  of  tho  one 
fwl  and  third  meridian;  Nln<'tfM>nth  Ann.  Kept.  r.  S.  <;.<<)l.  Survey,  pt.  4.  1S90.  pp.  y;r2ot  scq. 
»<ilscussionby  the  writer  in  WaUT-Sup.  and  Irr.  l'ap<'r  No.  154,  U.  S.  Geol.  Survey,  1900,  pp.  25-28. 
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guished  stratigraphically  from  the  underlying  Tertiary  deposits.  1 
the  Panhandle  it  has  been  found  impossible  to  distin^ish  strat 
graphic  units  in  the  Tertiary,  owing  mainly  to  the  fact  that  the  cla 
sand,  and  gravel  which  make  up  these  deposits  are  arranged  heten 
geneously  and  without  similarity  of  position.  The  only  possib 
evidence  on  which  these  rocks  could  be  divided  into  formations 
paleontologic,  and  it  was  on  such  evidence  that  Cummins  and  Coj 
proposed  the  formation  name  mentioned  above.  Fossils,  howeve 
are  rare,  and  up  to  the  present  time  no  systematic  effort  has  bee 
made  to  collect  them  from  various  parts  of  the  Great  Plains.  F( 
these  reasons  the  term  Tertiary  will  be  used  in  the  following  discu 
sion  to  include  all  the  deposits  of  Cenozoic  age  which  overlie  the  re 
beds  and  the  Cretaceous  rocks.  These  deposits  include  the  great* 
part  of  the  rocks  of  the  Panhandle. 

CHARACTER   OF   TUE   TERTIARY   ROCKS. 

The  greater  part  of  the  Tertiary  rocks  of  the  High  Plains  consist  • 
clays,  sandstones,  and  conglomerates,  with  clays  largely  predomina 


Fig.  1   -Ideal  Tortiury  structure. 

ing.  Thes(»  materials  are  usually  arranged  in  a  heterogeneous  manne 
(see  fig.  1),  the  sand,  clay,  and  other  rocks  occurring  indiscriminatel; 
and  without  similarity  of  position  from  place  to  plac^.  As  a  rule  th( 
coarser  materials,  such  as  sand  and  pebbles,  lie  near  the  base  of  th 
Tertiary  deposits,  immediately  above  the  red  beds  or  Cretaceous 
rocks,  while  the  finer  clays  and  silts  occuj)v  a  position  higher  up  in 
the  system.  Not  uncommonly  this  order  is  reversed  and  clays  lie 
din^ctly  upon  the  ert)ded  Permian  or  Triassic  red  beds  and  below  strata 
composed  of  Tertiary  gravel. 

The  days  are  white  for  the  most  part,  but  here  and  there  pink  oi 
bull.  The  various  tints  are  uniformly  subdued,  however,  so  that  froit 
a  distanc^e  the  Tertiary  cliffs  appear  to  be  whitc^  and  are  locally  kno^t 
as  "chalk"  cliffs  or  "gyp"  cliffs,  although  they  contain  neither  chall? 
nor  gypsuni.  The  clay  is  generally  a  soft,  homogeneous  mass,  huti^ 
ccmtains  indurated  beds,  which  are  in  places  sufficiently  calcareous  t( 
make  good  limestone.  Not  uncommonly  these  harder  layers  appea 
at  regular  intervals  in  the  softer  clays,  and  the  slope  on  weatherin 
assumes  a  peculiar  '^stair-step"  appearance,  luiving  Iv)cally  the  fori 
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river  terraces.  All  the  clays  contain  lime  in  greater  or  less  quanti- 
s  and  in  many  beds  there  are  white  calcareous  concretions,  which 
e  to  the  rock  a  mottled  appearance,  a  fact  particularly  noticeable 
lere  the  clay  is  pinkish  or  buff  in  color.  In  many  places  the  lime 
ments  the  clay  together  in  the  form  of  elongated  ^^pipy*'  concre- 
)ns,  or  in  irregular  and  grotesque  forms  which,  being  harder  than  the 
ay,  may  be  left  standing  when  the  latter  is  eroded. 
The  sand  which  makes  up  a  considerable  proportion  of  the  Tertiary 
'posits  is  composed  largely  of  smooth,  rounded  white  or  yellow 
lartz  grains.  Ijocally  it  is  cemented  by  lime  into  coarse,  rough  sand- 
one,  but  it  is  more  commonly  unconsolidated  and  in  many  places 
here  erosion  has  removed  the  soil  it  is  blown  by  the  wind  into  dunes. 
I  many  instances  the  sand  occurs  in  beds  mingled  with  small  pebbles 
id  clay  cemented  with  lime,  forming  the  so-called  ^'inortar  beds*' 
the  Kansas  geologists. 

The  conglomerate  of  the  Tertiary  is  made  up  mainly  of  smooth, 
iinded,  waterwom  pebbles  of  granite  and  other  igneous  rocks, 
hough  sandstone,  limestone,  and  clay  pebbles  are  present  in  numer- 
5  places,  the  latter  being  particularly  abundant  near  the  base  of  the 
)osits.  These  pebbles  vary  greatly  in  size,  shape,  and  color.  In 
?  they  range  from  small  sand  grains  to  bowlders  6  inches  in  diam- 
r;  in  shape  they  are,  as  a  rule,  more  or  less  rounded,  though  some 
flattened,  oval,  elongated,  or  subangular;  in  color  they  are  most 
nmonly  gray,  pink,  black,  yellow,  red,  or  brown,  depending  on  the 
tracter  of  the  rock  from  which  they  were  derived.  These  pebbles 
ur  generally  in  more  or  less  lenticular,  cross-bedded  layers,  some 
which  are  50  feet  thick  or  more,  but  in  many  places  they  are  inter- 
igled  with  fine  sand,  and  locally  are  scattered  through  the  clay  mem- 
s.  The  conglomerate  is  more  abundant  at  the  base  of  the  Tertiary, 
ere  it  forms  many  conspicuous  ledges,  as,  for  instance,  near  the 
uth  of  Ranch  Creek,  north  of  Canadian  River,  in  northern  Potter 
jnty,  where  bluffs  100  feet  high  are  composed  entirely  of  coarse, 
ss-bedded  conglomerate. 

ks  the  Tertiary  rocks  are  removed  by  erosion  the  pebbles  weather 
b  and  cover  the  slopes.  They  are  rarely  found  on  the  level  surface 
the  High  Plains,  but  appear  on  their  eroded  eastern  slope,  and  are 
ck  on  the  low,  rounded  hills  and  bluffs  near  the  larger  streams, 
ar  the  base  of  the  Tertiary,  waterworn  Gryphsea  shells  of  Lower 
?taceous  age  are  sometimes  found  scattered  among  the  pebbles. 
ese  shells  were  evidently  derived  from  the  Cretaceous  beds  known 
occur  farther  west  and  were  deposited  in  their  present  positions  at 
J  same  time  as  the  Tertiary  material. 

[t  is  impossible  to  do  more  than  roughly  estimate  the  proportions 
the  various  rocks  composing  the  Tertiary  deposits,  for,  as  has  been 
ted,  there  is  constant  local  variation.     It  appears  probable,  ho^v-. 
IRB  191—07 3 
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ev(»r,  that  througliout  tlio  rejijion  a^s  a  whole  from  two-thirds  U)  threes 
fourths  of  the  Tertiary  luaterial  is  composed  of  some  fonu  of  day  or 
sih,  tlie  remainder  l)eing  sand  or  pebbles.  In  Nebraska  and  Kansa>. 
to  the  north,  and  in  Oklalioma,  to  the  east,  the  proportion  of  the 
eoarse  material  is  relatively  larger. 

OKKJIN    OF   THE   TERTIARY    R(K^KS. 

The  question  of  the  origin  of  the  Tertiarj'  deposits  on  the  Great 
I'hiins  has  oecuj)ied  the  attention  of  American  geologists  for  nioR' 
than  fifty  years.  The  thickness  of  the  deposits,  their  wide  areal  dis- 
tril)utit)n,  and  the  ])aucity  of  fossils  in  the  beds  have  combined  tn 
present  unusual  difficulties  in  the  solution  of  the  problem. 

Two  general  tlu»ori(»s  have  beiMi  held  regarding  the  method  of  their 
deposition.  It  was  believed  l)y  the  earlier  geologists  that  they  were 
laid  down  in  the  bottom  of  a  vast  inland  lake.  Marsh  <lescril)ed  a 
great  Pliocene  lake  covering  ])ractically  tlie  entire  Great  Plains  area, 
in  which  deposits  l,o()()  feet  thick  were  laid  down.  Both  Cope  and 
(\immins  refer  to  the  Texa^s  Tertiary  beds  a.s  '*  lacustrine  terranes"  or 
'Make  deposits."  Ilay  and  others  accepted  the  lake  theory  to  ac^rount 
for  the  deposition  of  the  Kansas  beds.  At  the  present  time,  however, 
the  consensus  of  opinion  among  tliose  geologists  wlio  Jiave  studied  the 
formations  in  t!ie  field  is  that  tlie  Miocene  and  Pliocene  deposits  on 
th(*  (ireat  IMains  are  due  to  llu  via  tile  ratlier  than  to  lacustrine  agencies. 
To  (juot(*  but  two  of  several  autliorities  on  the  subject: 

Tlw  n'lativ*'  ]»ositiMns  of  iln-  suml.  irnivcl,  ami  clay  of  the  T«Ttiary  over  ihc  whole 
of  Kansas     '  ((.rrrsiMHul  much  l)cttcr  1«i  river  tlcinisits  than  to  lak<.*  dop<»sir.v 

The  incirularity  of  lorniaiion  siuccssiou,  the  liniitctl  lateral  <»xtenl  of  the  ht-iU  "f 
gravel,  saiKl.aiul  clay,  and  iIm'  fn-tjuciu  siecpiic>s«»f  the  on>;<s-be<Kli!ig  plains  all  O'f- 
rcs])()iul  to  river  (IcpoHiis.     "■  *     The  materials  themselves  have  many  iiulieaiions 

(»f  river  (le]M)sit>  aiul  \  cry  few  of  lake  (lc]>osits// 

The  stnictun--  an  uneven  network  of  gravel  coui-ses  and  elongatwl  Intls  of  sarul 
penetratinir  a  mass  <»f  silt  and  sand-streaked  clay  -  is  the  normal  prcxluct  of  di-si-n- 
streani  work  und<r  con>iant  des«'rt  iondiiions.  Tlie  <-oai>e  material  is  not  n^anl^^i 
as  the  product  necissarily  of  sironir-runnini:  stream>  and  the  line  material  of  .•?hif3.'i?li 
streams  in  aliernatinix  ejiochs  I'ither  of  humid  and  dry  climate  or  of  hiijh  and  lew 
inclination  of  slojn-,  hut  as  the  sinnilian<*ous  ])roduci  of  hiiinchinj?  str«»iims  of  tin* 
de>ert  habit,  here  runninj;  in  a  channel  and  there  spreading:  thinly. b 

So  far  us  the  writer  has  l)eeu  Jihle  to  ascertain,  few,  if  any,  of  tl»(* 
nion*  recent  investigators  accej)t  tlie  theory  of  lacustrine  origin  f<>r 
the  Tertiary  deposits  of  the  (Ireat  Plains.  Practictdly  th.e  only  ]H»i»^ 
at  issue  is  whetheV  the  source  of  the  indiscriminate,  uneven,  or  K'H- 
ticular  deposition  of  the  niaterial  bv  tin*  streauis  slioultl  be  souiij  it  i^^ 
climatic  changes  which  j)roduc(»d  alternate  periods  of  aridity  an*^ 
humidity  or  in  extended  deformtition  of  tlie  iMitii's  crust  I)y  wiiio^ 

«  Iliiworth.  E..  rhysinil  pn»iK'rtirs  of  (he  T«'rti:»ry  S^cotul  Ann.  litpt.  K.ii-.^;.  I  iih'.  (Jrol.  Surv«'>'" 
1S1»7.  J).  L'S;}. 

''  lnhnson.  W.  I)..  Tim  High  Tlains  timl  tli«-ir  utilization:  TwiMity-Iirst  .\nn.  Kopt.  I',  S.  (.J«'<)1.  SurvrV' 
pt.  4.  lo<)i.  p.  •;'>:•. 
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e  eastern  part  of  the  Great  Plains  was  at  times  elevated  and  again 
^pressed,  giving  rise  to  alternating  steepening  and  lessening  of  the 
adient  of  the  streams.  It  seems  possible  that  each  of  these  causes 
lay  furnish  a  partial  solution  of  the  problem. 

SAND    DUNES. 

Sand  dunes  occur  in  many  parts  of  the  Great  Plains.  Almost  inva- 
ial)ly  the  material  which  makes  up  these  dunes  is  derived  from  either 
:he  Tertiary  deposits  or  the  '^  Equus  beds.''  As  the  Cenozoic  deposits, 
rt'hich,  as  above  stated,  are  composed  of  rather  loose,  unconsolidated 
play,  sand,  and  conglomerate,  are  eroded,  the  finer  clay  and  silt  are 
carried  away,  either  in  suspension  or  in  solution,  and  the  sand  which 
remains  behind  is  blown  by  the  strong  prevailing  winds  into  dunes, 
many  of  which  cover  considerable  areas.  In  central  and  w^estem 
Nebraska,  for  instance,  thousands  of  square  miles  are  occupied  almost 
exclusively  by  them.  Dunes  are  also  common  in  western  Kansas  and 
eastern  Colorado  and  cover  considerable  areas  in  the  eastern  part  of 
the  Panhandle  of  Texas  and  of  western  Oklahoma. 

hi  the  area  described  sand  dunes  are  relatively  rare,  being  found 
chiefly  along  the  breaks  of  Canadian  River.  In  northeastern  Potter 
County  along  Cfficken  and  Bonita  creeks  there  is  an  area  of  20  square 
miles  or  more  containing  dunes,  some  being  of  considerable  size,  many 
of  which  are  barren  of  vegetation.  North  of  Canadian  River  a  strip 
of  sandy  country,  in  which  numerous  dunes  occur,  extends  from  the 
head  of  Big  Canyon  and  Big  Blue  creeks  westward  for  20  miles. 
Dunes  are  also  present  over  parts  of  western  Oldham,  Hartley,  and 
Dallam  counties  near  the  New  Mexico  line  and  in  a  relatively  small 
area  near  the  Oklahoma  line  along  Beaver  Creek  in  northern  Shennan 
County. 

ALLUVIUM. 

Along  Canadian  River  and  its  tributaries  and  to  a  less  degree  along 
the  waters  of  Palo  Duro  Canyon  there  is  a  considerable  amount  of 
alluvium  or  valley  wash.  This  material,  which  Ls  composed  largely 
of  more  or  less  modified  Tertiary  and  red-beds  deposits  naturally 
partakes  of  the  character  of  the  rocks  from  which  it  has  been  derived. 
Where  it  comes  mainly  from  the  red  beds  it  consists,  as  a  rule,  of  a 
reddish  clay  loam,  and  where  derived  from  Tertiary  deposits  it  is 
normally  a  light  to  dark  sandy  loam,  the  color  depending  largely  on 
the  amount  of  organic  matter  present.  In  many  i)laces  the  alluvium 
grades  imperceptibly  into  beds  of  sand,  which  if  blown  by  the  wind 
may  form  dunes.  In  the  valley  of  the  Canadian  the  alluvium  occu- 
pies the  flat  flood  })laiii  between  the  bluffs,  which  averages  from  1 
mile  to  2  miles  in  width.  In  Palo  Duro  Canyon  and  other  smaller 
creeks  the  alluvial  valley  is  narrower,  varying  in  width,  froiw  «.  fe^ 
rods  to  half  a  mile  or  more. 
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Most  of  the  underground  water  in  the  western  part  of  the  Pan- 
handle of  Texas  is  derived  from  the  Tertiary  deposits,  which,  as  has 
been  stated,  constitute  the  greater  part  of  the  surface  rocks  of  the 
region.  Along  the  valley  of  Canadian  River  and  in  Palo  Duro  Can- 
yon water  is  found  in  the  red  beds,  and  in  the  extreme  northwestern 
part  of  the  State  there  is  a  small  area  where  the  water  in  both  wells 
and  springs  is  derived  from  Cretaceous  rocks.  With  these  minor 
exceptions,  however,  the  Tertiary  beds  are  the  source  of  all  the  wat«r 
in  the  region. 

Water  which  has  its  source  in  Tertiary  rocks  is  almost  uniformly 
soft  and  relatively  pure  and  is  suitable  for  all  domestic  uses.  Analyses 
of  a  large  number  of  samples  taken  both  from  springs  and  wells  in  various 
parts  of  the  Great  Plains  reveal  little  or  no  harmful  salts.  Relatively 
small  quantities  of  lime,  gypsum,  soda,  and  a  few  other  salts  are 
locally  present,  but  the  average  amount  rarely  exceeds  10  grains  per 
gallon,  so  that  for  all  practical  purposes  Tertiary  \vater  may  be  con- 
sidered pure.  Water  from  the  red  beds  is  in  some  cases  pure  and  in 
othei-s  not,  according  to  the  character  of  the  rocks  from  which  it  is 
derived. 

WATER    FROM    THE    PERMIAN    RED    BEDS. 

Most  of  the  water  which  has  its  origin  in  the  Permian  red  beds 
contains  ti  large  amount  of  the  various  mineral  salts  which  ent^r  into 
the  composition  of  these  rocks.     The  int)st  common  of  these  are  cal- 
cium sulphate  (gypsum),  calcium  carbonate  (limestone),  magnesiuin 
sulphate  (Epsom  salts),  sodium  sulphate  (Glauber's  salts),  sodium 
cliloride  (common  salt),  sodium  bicarbonate  (soda),  sodium  borate 
(borax),   magnesium   chloride,   nuvgnesium   carbonate,   and  calcium 
chloride.     In  the  valley  of  Canadian  Kiver  and  its  tributaries  the 
w^ater  from  many  of  the  springs  wliich  issuc^  from  beneath  the  Alibat^^ 
dolomite  or  the  Greer  or  Saddlehorse  gypsum  ledges  is  so  highly 
mineralized  that  it  Ls  unfit  for  use.     Many  wells  which  obtain  their 
supply  in  these  formations  (as,  for  exami)lc,  the  two  deep  wells  on 
the  L.  S.  ranch,  near  Tascosa)  contain  hard  water.     There  are,  ho^^' 
ever,  many  si)rings  in  the  Quartermaster  formation,  both  on  Pn-**^ 
Duro  Ganyon  and  along  the  Canadian,  which  yield  soft  water.     X^ 
general,  the  water  from  the  Permian  red  beds  is  slight  in  amount. 
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WATER    FROM    THE    TRIASSIC    RED   BEDS. 

Springs  in  the  Triassic  rod  beds  occur  both  in  Palo  Duro  Canyon 
md  along  Canadian  River.  Those  in  Palo  Duro  Canyon  and  along 
Timber,  Sunday,  Canyon  Cita,  and  other  tributary  creeks  usually 
ssue  from  under  the  various  sandstone  ledges  which  occur  in  the 
Frujillo  formation.  Springs  are  also  found  in  the  Triassic  beds  on 
I^anadian  River  and  its  affluents,  particularly  on  Tecovas,  Sierra  de 
a  Cruz,  and  Alamosa  creeks,  where  in  many  places  the  water  issues 
Tom  joints  and  fissures  in  the  red  clay  and  also  from  beneath  sand- 
stone ledges.  As  a  rule  water  from  springs  in  the  Triassic  is  fresh  and 
3ure,  owing  largely  to  the  fact  that  Triassic  rocks  contain  very  few 
larmful  salts. 

Few  wells  have  been  sunk  in  the  Triassic  formations  in  this  part  of 
he  State.  In  several  instances,  however,  wells  which  were  started  in 
he  Tertiary  penetrated  the  upper  beds  and  obtained  water  in  the 
Triassic.  Wells  of  this  character  occur  on  the  High  Plains  near  the 
^dge  of  Canyon  Cita  Creek.  A  few  wells  on  the  divides  between 
jreeks  which  empty  into  Canadian  River  obtain  water  from  the  Tri- 
issic  beds,  the  water  in  almost  every  case  being  soft  and  relatively 
)ure. 

WATER   FROM    CRETACEOUS    ROCKS. 

The  Dakota  sandstone,  which  is  one  of  the  great  water-bearing  for- 
mations of  the  Great  Plains,  outcrops  along  a  line  extending  from 
Vlinnesota  to  New  Mexico,  as  well  as  along  the  Rocky  Mountain  front 
range.     In  most  regions  where  the  Dakota  is  exposed  springs  are 
numerous,  and  wells  sunk  into  the  formation  furnish  an  abundance  of 
water.     Almost  without  exception  the  water  from  the  Dakota  is  good. 
In  the  northwestern  part  of  the  Panhandle  there  are  two  large  springs 
in  the  Dakota  sandstone,  Agua  Fria  and  Buffalo,  both  of  which  are 
located  on  Coldwater  Creek  in  northern  Dallam  County.     Buffalo 
Springs  flow  approximately  o  second-feet.     Wells  in  this  part  of  the 
State  which  are  begun  on  the  Tertiary-covered  plain  pass  through  the 
upper  beds  and  find  an  abundant  supply  of  water  in  the  Dakota  sand- 
stone.    The  wells  are  comparatively  shallow,  so  that  the  region  is 
known  locally  as  the  "shallow-water  district." 

W^ATER    FROM    TERTIARY "KOCKS. 

Occurrence. — In  order  to  understand  underground-water  conditions, 
It  is  necessary  to  know  llio  ge()l()<^ic  structure  of  the  rocks  from  whicli 
the  water  is  obtained.  Jn  the  Panhandle  of  Texas,  as  has  been  stated, 
hy  far  the  greater  part  of  th(»  water  conies  from  Tertiary  rocks,  and  for 
that  reason  a  brief  discussion  of  the  origin  and  structure  of  these  rocks 
w^ll  be  given  here. 
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Tlio  Tertian'  rocks  found  in  the  Panhandle  consist  of  deposits  in 
most  places  several  hundred  feet  thick,  made  up  chiefly  of  alternating, 
more  or  less  lenticular,  or  cross-l)edded  layers  of  clay,  sand,  and  pravd, 
the  latter  l>ein^  composed  mainly  of  smooth,  rounded,  waterworn 
pebbles.  There  seems  little  doubt  that  the  original  material  of  these 
deposits  was  derived  largely  from  the  Rocky  Mountains.  Streams 
which  flowed  away  from  the  mountains  carried  material  out  on  the 
plain  and  left  deposits  in  some  places  of  sand,  in  others  of  clay,  and  in 
still  others  of  gravel  or  pebbles,  which  in  turn  were  covered  by  other 
deposits,  here  and  there  the  same,  but  more  commonh'^  of  other  mate- 
rial. This  process,  which  continued  for  a  long  period,  resulted  in  the 
accunmlation  of  several  hundred  feet  of  alternating  beds  of  irregularly 
stratified  rock.  Being  laid  down  under  such  conditions  the  Tertiary 
series  as  a  whole  is  necessarily  composed  largely  of  beds  irregularly 
lens-shaped  in  cross  section  and  in  most  cases  not  continuous  over 
large  areas.  In  some  localities  the  greater  part  of  the  thickness  may 
consist  of  fine  materials,  while  in  others  sandstone  and  gravels  may 
predominate:  but  in  general  the  beds  of  fine  and  coarse  material  are 
mixed  in  a  heterogeneous  manner. 

The  terms  '^sheet  water''  or  ''underflow^'  are  often  used  in  the 
States  of  the  Great  Plains  to  indicate  any  fairly  constant  supply  of 
water  at  a  more  or  less  uniform  depth.  The  general  impression  seems 
to  be  that  at  some  depth  beneath  the  surface  there  is  a  continuous 
"  sheet "  or  ' '  lake  "  of  water  which  if  tapped  by  a  well  will  yield  a  fairly 
const imt  supply.  In  some  ])laces  two  or  even  tlu*ee  such  '  'sheets''  are 
su|)fn)S(Ml  to  exist,  and  the  expressions  ''first  sheet''  and  '^second 
sheet"  or  "first  water"  and  ''second  water''  are  common.  Another 
prevnlent  notion  is  that  the  water  in  these  * 'sheets"  is  constantly 
flowing  streanilike  beneath  the  surface,  an  idea  disclosed  by  the  coiu- 
nion  expression  that  the  "underflow  is  to  the  east." 

While  it  is  true  that  these  popular  itleas  are  widespread  and  in  gen- 
eral are  based  on  connnon  observation,  there  is,  however,  in  tlieiti 
nuich  t  hat  iserroneous  and  not  based  on  acorrect  conception  of  the  con- 
ditions found  in  the  nature  and  relations  of  the  water-bearing  strata- 
KoundiMJ  grains  of  sand  and  gravel  such  as  make  up  the  lenticular 
beds  which  constitute  the  nuijority  of  the  Tertiary'  rocks  do  not  U*^ 
closely  enougli  together  to  fill  all  the  space,  but  have  very  small  inter- 
stices l)etwe(»n  them.     These  pores  or  spaces  are  minute  reservoirs  f<>^ 
th(»  water,  which  in  its  passage  through  such  materials  either  vertically 
or  laterally  seeps  from  one  of  these  minute  reservoirs  to  the  next,  an*  ' 
thus  very  slowly  flows  along  underground.     This  movement  is  popU"* 
larly  called  "underflow,"  but  it  is  not  nearly  so  rapid  as  is  commonU" 
sup])osed.     A  number  of  experiments  have  been  made  on  the  rate  q€ 
flow  of  undergnmnd  waters,  and  it  has  been  found  that  even  along 
stream  valleys,  where  the  material  is  coarse,  the  pores  large,  the  gradi- 
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ent  relatively  steep,  and  all  conditions  favorable  for  a  rapid  flow  (as, 
for  instance,  along  Arkansas  River  in  western  Kansas),  the  rate  of 
underflow  does  not  average  more  than  10  feet  a  day.®  On  the  High 
Plains,  such  as  constitute  the  region  under  discussion,  where  the  gradi- 
ent is  low,  much  of  the  material  fine,  and  the  pores  relatively  small, 
and  where  the  lenticular  beds  dip  in  many  places  at  different  angles  in 
different  directions,  it  is  doubtful  if  on  an  average  the  water  moves 
more  than  10  feet  in  a  year. 

According  to  the  theory  just  advanced  diy  ground  is  ground  in 
which  the  pores  between  the  rock  particles  contain  no  water,  while 
wet  or  saturated  ground  is  that  in  which  the  pores  are  filled.  Since 
water  always  tends  to  sink  to  the  lowest  levels,  there  is  in  most  regions 
a  certain  but  variable  thickness  of  beds  filled  with  water  in  what  is 
technically  known  as  the  ^  'zone  of  saturation.'*  The  upper  surface  of 
this  zone  of  saturation  is  called  the  ''water  table'*  or  "water  plane,'* 
and  this  is  in  many  places  identical  with  what  is  meant  by  the  popular 
phrase  * 'sheet  water,"  so  common  on  the  Great  Plains.  Since  water 
moves  slowly  undergroimd,  this  water  table  becomes  approximately 
similar  in  contour  to  the  surface  of  the  ground,  being  high  on  the 
divides  and  low  near  the  streams,  where  the  water  may  escape  in 
springs. 

As  originally  deposited  the  lenticular  beds  which  constitute  the 

greater  part  of  the  Tertiary  deposits  must  have  had  an  irregidar  out- 

Hne  and  surface,  especially  where  they  were  laid  down  in  swamps  or 

lakelets.     Where  the  material  is  clay  or  very  fine  sand  the  interstices 

between  the  particles  are  very  minute  and  practically  imperv^ious  to 

water.     Fine  deposits  such  as  those  just  described  are  in  numerous 

instances  overlain  by  sand  and  gravel  which  was  originally  laid  down 

in  basins  or  channels,  and  these  in  turn  by  other  fine-grained  deposits 

in  varA'ing  succession,  so  that  the  alternation  of  water-bearing  and 

impervious  l)eds  is,  in  many  places,  very  irregular.     If  deposits  of 

this  nature  are  penetrated  by  a  well,  the  first  sand  encountered  will 

funiish  water,  the  quantity  depending  on  the  size  of  the  water-bearing 

deposit,  the  coarseness  of  its  grains,  the  height  of  its  edges,  etc.; 

in  the  next  coarse  sand  bed  a  second  water  stratum  will  be  found, 

and  so  on,  until  finally  the  main  water  table  is  penetrated.     This 

may  be  considered  a  probable  explanation  of  the  "first  and  second 

water"  or  "first  and  second  sheet"  so  often  spoken  of  on  the  Great 

Plains.     It  also  possibly. accounts  for  conditions  found  in  many  parts 

of  the  region  where  records  obtained  from  a  relatively  small  area 

show  well  depths  varWng  uf)  to  a  hundred  feet.     These  conditions  are 

set  forth  in  fig.  2. 

a  Slichtor.  r  S.,  The  motions  of  uiKhTgroiiinl  wmUts:  Water  Sup.  and  Irr.  I'upcr  No.  iu,  U.  S.  Geol. 
Sarvt-y.  1902,  pp.  41-43. 
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In  general  the  average  depth  of  the  wells  in  any  particular  locality 
may  be  considered  the  approximate  depth  of  the  wat^r  table  at  that 
place.  As  will  be  understood  from  what  has  been  stated,  the  water- 
table,  or  the  level  at  which  the  top  of  the  ground  water  stands,  varies 
constantly  from  place  to  place,  from  year  to  year,  and  even  from  day 
to  day.  It  is  supplied  chiefly  from  rainfall  and  is  lowered  whenever 
the  w^ater  is  removed — as,  for  instance,  by  springs,  artesian  wells,  or 
heavy  pumping.  Ordinarily  the  water  table  is  at  a  considerable 
distance  below  the  surface,  but  here  and  there  it  reaches  the  surface 
level,  as  in  springs,  swamps,  or  marshes. 

On  the  High  Plains  the  water  table  is  located  at  the  upper  point  of 
saturation  of  the  pervious  beds.  Well  records  from  widely  separated 
localities  show  that  this  water  level  for  the  High  Plains  as  a  whole 
averages  from  200  to  250  feet  beneath  the  surface.  So  far  as  known, 
this  level  in  each  locality  is  fairly  constant,  the  amount  of  water  taken 
away  by  springs  and  wells  being  approximately  equaled  by  the 
amount  added  each  year  by  precipitation. 


Impervious  beds     Tertiary  mapla. sandstones 
and    conglomerates 


Water  tables 
Fig.  2.  T<l«al  Tt-rtiary  stnictiiro  showlir/  \vnt«'r-bi'ftriug  lM»ds  at  different  levels. 


In  the  aroa  doscrihcd  the  depth  of  the  wells  in  the  Tertiary  deposits 
of  the  IIi<rh  l^laiiis  varies  from  50  feet  to  more  than  400  feet.  On  the 
llh^h  Plains  north  of  Canadian  River  the  deepest  wells  (which  are  in 
eastern  Dallam  County)  are  ])etween  400  and  450  feet  deep,  while  in 
Moore  and  Sherman  counties  they  do  not  avera^j^e  more  than  250  feet. 
South  of  this  river,  on  the  Llano  Estaeado,  the  deej)est  wells  are  in 
the  eastern  ])art  of  Potter  County,  where  water  is  occasionally  found 
at  depths  exceedin^^c  400  feet.  In  Deaf  wSmith  and  Kandall  counties, 
in  the  southern  part  of  the  Panhandle,  the  wells  are  sliallower,  in 
many  localities  not  avera^rin*!:  more  than  75  feet;  in  the  vicinity  ^^ 
Hereford,  the  county  seat  of  Deaf  Smith  County,  many  of  the  well^ 
are  not  more  than  GO  feet  deep. 

Soinrcs. — There  is  a  prevalent  but  erroneous  idea  in  most  parts  (n 
the  lH<rh  IMains  that  the  water  which  supplies  the  wells  on  the  plain:? 
conies  from  the  Kocky  ^fountains.  That  this  can  not  he  true  is  verV 
evident  to  any  one  who  has  studied  the  geologic  structure  of  the  plaint 
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as  a  whole.  All  available  data  point  to  the  fact  that  local  precipita- 
tion is  the  only  source  of  the  underground  water  of  the  High  Plains. 
This  subject  is  discussed  more  fully  under  the  head  of  artesian  water 
(pp.  42-43). 

Rainfall  on  the  surface  of  the  earth  is  disposed  of  by  evaporation, 
run-off,  and  percolation.  It  is  estimated  that  in  general  the  amount 
of  water  disposed  of  in  each  of  the  three  ways  is  about  equal,  but  the 
relative  amounts  in  different  regions  depend  on  several  local  condi- 
tions ;  for  instance,  on  a  steep  slope  or  in  a  region  of  stiff  clay  soil  the 
greater  part  runs  off ;  in  a  warm,  arid  climate  the  greater  part  evapo- 
rates, while  in  loose  soil  the  greater  part  is  absorbed. 

Throughout  a  considerable  part  of  the  Great  Plains,  where  the  sur- 
face is  level  and  the  drainage  systems  undeveloped,  there  is  no  run- 
off and  all  the  rainfall  is  either  absorbed  or  evaporates.  After  a  rain 
the  greater  part  of  the  water  soaks  into  the  ground,  and  the  remain- 
der, which  does  not  evaporate  immediately,  accumulates  in  broad 
sliallow  depressions  on  the  surface,  known  as  buffalo  wallows  or  lakes, 
in  which  it  remains  until  it  evaporates  or  disappears  beneath  the  sur- 
face. Jolinson  estimates  that  not  more  than  3  or  4  inches  of  rain 
annually  sinks  into  the  ground,®  an  amount  which  would  not  saturate 
more  than  about  1  foot  of  sandy  strata.  This  estimate  of  the  amount 
of  water  absorbed  seems  to  the  writer  to  be  rather  small,  but  in  all 
probability  the  rainfall  does  not  add  more  than  18  inches  to  the  ground 
^^'uter  each  year.  An  amount  approximately  equal  is  lost  through 
springs  and  wells,  so  that  in  general  the  level  of  the  water  table 
remains  constant.  There  are  no  data  which  would  lead  to  the  infer- 
ence that  the  amount  of  water  is  either  increasing  or  decreasing 

WINDMILLS. 

In  a  country  such  as  the  Panhandle  of  Texas,  where  water  is  prac- 
tically everywhere  abundant  in  wells,  but  occurs  at  considerable 
depths  beneath  the  surface,  one  of  the  most  vital  problems  is  that  of 
finding  a  relatively  cheap  and  efficient  means  of  bringing  it  to  the  sur- 
face. For  this  purpose  the  ordinary  force  pump  is  almost  universally 
used.  In  a  few  shallow  wells  along  stream  valleys  or  among  the 
breaks  a  rope  and  bucket  are  employed  to  supply  water  for  household 
use,  but  it  is  safe  to  estimate  that  99  per  cent  of  the  wells  in  the  Pan- 
handle are  provided  with  a  pump.  Power  is  usually  furnislied  by 
windmills,  of  which  several  forms  are  employed,  ])y  far  the  greatest 
number  being  of  the  ordinary  turbine  ty])e.  On  the  larger  ranclu^s, 
particularly  where  water  is  deep  and  it  is  necessary  to  raise  consid- 
erable amounts  for  cattle,  a  wooden  wheel  from  1(5  to  20  feet  in  diame- 
ter, mounted  on  a  relatively  low  tower,  and  a  3-inch  pump  are  usually 


a^ohnson,  W.  D.,  Tho  High  riaiii.s  and  innr  uuiizuiioii;  Twiuty-sfcond  Ann.  Kept.  l.  S.  Ucol. 
Survey,  pt.  4,  1901,  p.  (i4d. 
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oin|)lov(Ml,  while  on  siiuillrr  mnrlios  and  farms  and  in  tlie  towns  an 
iron  \vluM»l  is  j^cnorally  used. 

On  the  lar^^T  ranclu^s,  wliero  thousands  of  cattle  grazej  it  is  ntH*^>- 
saiv  to  |)rovid(»  a  constant  and  convonient  supply  of  water,  and  for 
tin's  jMirposc  wells  have  ])een  put  down  at  intervals  of  2  to  3  niile^  in 
all  directions.  In  many  i)arts  of  the  prairie  the  only  evidence  that 
the  country  is  inhahited  is  furnished  by  a  lone  windmill,  surrounded 
at  certaiji  times  of  the  day  by  lierds  of  cattle.  The  water  is  pumped 
from  the  well  into  lar^re  circular  tanks  of  wood  or  iron,  to  which  the 
cattle  liave  acc(\ss.  In  numy  instances  thei-e  is  an  arrangement 
whereby  when  the  tank  is  full  the  overllow  passes  into  an  earthen 
reservoir  which  has  been  excavated  near  by,  the  object  being  to  pro- 
vide an  emert^ency  supply  in  case  the  whid  does  not  blow  for  several 
days.  Kai(»ly  do  extt'uded  pcM'iods  of  calm  occur,  however,  and  the 
windmill  onc(»  set  ^oiujx  is  ni^ver  stopped  until  it  weal's  out.  On  the 
lartijer  ranclies  men  known  as  ••windmill  ji^reasers"  are  emjdoyed,  who 
do  not  bin*:  but  oil  and  repair  windmills.  Two  men  usually  travel 
totxetliei',  camj)int::  out  wluMwer  ni^lit  overtakes  them,  visiting  each 
mill  on  an  {iverajj:e  of  twice  a  week. 

In  the  I^anhandle  of  Texas  it  is  usually  estimated  that  the  cost  of 
sinkin^:  a  well  and  installinjr  a  mill,  pumj),  and  ttinks  averages  about 
•S'J  a  foot  for  deep  wells  and  a  relativi^ly  lartjer  sum  for  shallower  ones. 
In  localities  wlien*  the  wells  are  100  to  ')()()  feet  deep  tlie  cost  of  tha 
well,  null.  j)um|).  and  tanks  com])let<»  is  SSOO  to  $1,000,  while  if  thn 
well  is  bnl  100  feet  deep  the  cost  is  .S2:)0  to  SoOO.  PI.  VII  shoiVS: 
chai*Mctei-ist  i<'  windiiiills  on  tlie  plains. 

DKKr-sKAiKn  wati:ks. 

In  the  variniis  j){nt^  of  the  raiihaiHlh'  <>f  Texas  tlie  pniject  of 
o])ljiiniiiLr  jirlr>i}in  waiei*  i>  nfii'U  coii.-ideied.  There  is  perhaps  not  a 
couuly  in  wliich  the  >iil)jeel  lias  not  been  aiLTitated,  and  as  the  country 
is  now  bciiiir  ]-n|)i(lly  (M'cu|»ie(l  by  seiileis  it  is  altotjether  ])robabIe 
thai  a  iMimiicr  of  jUlenipls  will  be  made  in  Viii'ions  localities  to  secure 
an  arlesian  supply.  In  most  ca^'s,  jis  {d)ovi'  stated,  it  is  assumed 
thai  I  lie  Will  el'  found  in  tli<^  wells  of  ihe  llii:li  Plains  comes  from  the 
Rocky  Mountain^.  liul  llii>  is  \u){  >o.  The  Llano  Estacado,  or  that 
])arl  of  ilu'  plains  south  of  I  lie  Canadian,  is  cut  olf  fi'om  the  mountains 
by  I  he  \  alley  of  this  >treaiii  and  i)y  Pecos  Kivei'  in  eastern  New 
Mexico,  >o  that  it  is  ini]>ossil)l<'  for  watei*  lo  ])ass  from  the  mountains 
into  the  Tertiary  be<|s  which  cany  the  walci*  on  the  lli^h  Plains. 
North  of  the  Canadian  ihe  Tertiary  dc|>o>its  thin  tint  to  tlie  west  and 
disa|>p<'ar  before  the  Kock\  Mounialns  ai'e  reached,  so  that  the  ju'oba- 
bililyof  any  ex1en>ive  artc'-ian  ll(»w.  haNinir  Ii>  origin  in  theTertiary 
heti-^  in  ihi>;  part  of  the  counlrv.  is  very  ^niall. 

There  are  a  few  arle>ian  welU  in  ihe  region,  a^  for  instance,  one  on 
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ig  Blue  Creek  in  eastern  Moore  County.  This  well,  which  is  123  feet 
M»p,  flows  about  1  gallon  per  minute.  From  the  record  obtained  it 
,)pears  that  the  well  passed  througli  25  feet  of  Tertiary  clay  and  then 
iUored  the  red  beds.  The  water  was  found  in  a  sandstone,  possiblj'^  one 
f  the  members  of  Trujillo  formation,  in  the  upper  part  of  the  Triasaic 
tMl  beds.  It  is  probable  that  the  sup])ly  of  water  in  this  well  is  gov- 
rned  by  local  conditions,  and  that  while  other  similar  wells  may  be 
[evoloped  here  and  there  their  nimiber  will  never  be  sufficiently  large 
o  be  of  economic  importance.  There  are  a  number  of  other  wells 
ilont^  Big  Blue  Creek  that  find  water  at  about  the  same  depth,  but 
lono  of  them  flow.  An  artesian  well  is  reported  on  Rita  Blanca  Creek, 
vv  est  of  Channing.    The  supplj^  is  limited  and  the  well  is  not  important. 

At  the  L.  S.  ranch,  2  miles  west  of  Tascosa,  at  an  elevation  of  3,160 
foot,  there  are  two  aiie^sian  wells  a  quarter  of  a  mile  apart  which  draw 
thoii"  supply  of  water  from  the  red  beds.  The  wells  are  of  equal 
(lopth,  approximatelj"  340  feet,  and  the  water  from  each  fills  a  o-inch 
pipe.  The  water,  however,  contains  so  high  a  percentage  of  mineral 
salts  that  it  is  unfit  for  domestic  use.  These  wells  are  located  in  one 
of  the  synclinal  troughs  described  on  page  20,  and  the  source  from 
which  this  water  derives  its  head  is  probably  located  along  the  anticline 
to  the  west,  possibly  in  the  vicinity  of  Trujillo  Creek.  As  tliLs  syncline 
extends  30  miles  or  more  up  and  down  tiie  river  there  is  a  possibility 
that  more  extensive  drilling  might  result  in  a  number  of  such  wells 
in  the  red  beds  along  the  Canadian  in  this  region.  The  source  of  the 
water  is  probably  in  the  Permian  red  beds,  somewhere  about  the 
horizon  of  the  Greer  gyi)sum,  and  it  is  very  likely  that  the  water  from 
any  wells  in  this  locality  would  be  so  highly  mineralized  as  t«  be  undo- 
sirable  for  either  domestic  use  or  for  irrigation.  Fortunately  this  dis- 
trict is  traversed  by  a  number  of  flowing  streams,  so  that  there  is  no 
particular  need  of  resorting  to  wells  for  stock  water. 

In  the  northwestern  part  of  Dallam  County,  where  the  Dakota 
sandstone  approaches  the  surface*,  it  is  ])()ssil)le  that  artesian  water 
mi;:ht  be  obtained.  It  is  re]>ortc(l  that  a  well,  drilled  in  ISSS  on  the 
hijrh  divide  near  Coldwater  Cnu^k,  ii  miles  north  of  Texline  and  3  miles 
from  the  northwest  corner  of  the  State,  readied  a  depth  of  1,250  feet 
and  that  the  water  stands  within  100  feet  of  the  surface.  The  record 
cannot  be  had,  but  it  is  probable  that  this  well  [)enet rated  both  the 
Tertiary  and  the  Dakota  and  sto]>|)ed  in  the  red  beds.  The  water 
may  come  from  the  Dakota  sandstone. 

SPRINGS. 
(JKXKUAL    CHARACTER. 

The  springs  in  the*  western  part  of  the  Panhandle  of  Texas  may  ])e 
classed  under  three  ^^(mumuI  heads,  according  to  the  geologic  formation 
from  wliich  they  are  (lerived  -  red-beds  springs, Cretaceous  springs^and 
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Tertiary  springs.  The  red-beds  springs  are  usually  found  in  the  vd- 
leys  of  the  larger  streams,  such  as  Canadian  River  and  .Palo  Duro 
Creek.  The  water  is  in  some  places  pure  and  in  others  not,  depending 
on  the  amount  of  mineral  salts  contained  in  the  rocks  from  which  the 
spring  issues.  The  water  from  Cretaceous  springs,  w^hich  are  fouiHl 
in  Dallam  County  only,  is  always  good.  Tertiary  springs  are  by  far 
the  most  important,  with  regard  to  both  number  and  amount  of  wat^r, 
and  the  water  is  almost  uniformly  fresh. 

RE1>-BEDS    SPRINGS. 

Springs  from  the  Peniiian  red  beds  are  found  chiefly  in  the  valleY 
of  Canadian  River,  although  a  few  are  known  to  occur  in  the  deeper 
j)arts  of  Palo  Duro  Canyon  and  its  tributaries.  In  the  latter  locality 
the  water  usually  issues  as  seeps  from  the  argillaceous  sandstone  of  the 
Quartennaster  formation  along  some  small  canyon  or  gully.  Farther 
east,  in  Oklahoma,  the  Quartennaster  formation  is  more  sandy  and 
is  noted  for  its  large  number  of  small  springs.  In  Palo  Duro  Canyon, 
however,  there  is  a  larger  amoimt  of  shale  in  the  formation  and  the 
number  of  springs  is  not  so  great. 

In  the  valley  of  the  Canadian  and  its  tributarj^  creeks  Permian  red- 
beds  springs  are  often  found.  In  the  eastern  part  of  the  region,  par- 
ticularly on  Big  Blue,  Plum,  Big  Canyon,  Turkey,  and  Alibates 
creeks,  many  springs  issue  fnmi  beneath  the  massive  ledges  of  the 
Greer  gA'psum,  the  water  of  wliich  is  strongly  impregnated  with  cal- 
cium sul])hate  and  other  salts.  The  majority  of  the  springs,  however, 
come*  from  the  Quartermaster  formation  and  many  of  them  issue  at 
the  ])as(»  of  the  Alil)ates  dolomite  lentil.  Sj)rings  of  this  character  are 
found  on  all  the  creeks  named  above  and  also  on  West  Amarilk 
Horse,  Tecovas,  Las  Achias,  Trujillo,  and  others.  These  springsusually 
issue  as  l)ol(l,  gushing  streams  at  the  point  of  contact  between  the 
dolomite  and  the  underlying  clay.  Seep  s])rings  issuing  from  the  sandy 
beds  of  tlie  Quartermaster  are  also  common  in  this  region.  Many  of 
the  s])rings  from  l)el()w  the  dolomite  ledge  contain  appreciable  amounts 
of  mineral  salts,  so  that  the  water  is  undesirable  for  ordinar^^  domestic 
use,  while  the  water  of  seep  springs  from  the  sandstone  is  usually  sof't 
and  ])ure. 

wSprings  from  the  Triassic  red  b(»ds  are  found  both  in  Palo  Dur*'> 
Canyon  and  in  the  valley  of  Canadian  River.  Along  Palo  Duro  Cree^>^ 
and  its  tributaries  ihey  issue  as  a  rule  from  beneath  the  various  san^l'' 
stone  members  of  the  up])er  or  Trujillo  formation,  although  springs  i^^ 
the  Tecovas  shale  formation  are  not  unconmicm.  On  Canyon  Cit^ 
Creek  springs  issue  from  beneath  all  three  of  the  sandstone  membe^ 
of  the  Trujillo  formation,  while  in  the  main  canyon,  a  few  miles  eai^* 
of  the  falls,  there  are  strong  springs  which  issue  from  joints  in  tU^' 
ma^renta  shales.     The  water  from  the  Triassic  sandstone  in  Palo  Dur^^ 
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anyon  is  generally  soft  'and  pure,  but  because  of  the  inaccessibility 
■  the  springs  it  is  not  utilized.  In  the  valley  of  Canadian  River 
wrings  occur  in  the  Triassic,  not  only  near  the  river  where  it  has  cut 
irough  the  rocks  of  this  series,  but  also  on  the  tributary  creeks — 
last  Amarillo,  West  Amarillo,  Tecovas,  Sierra  de  la  Cruz,  Parker, 
Llamosa,  Alamositas,  Las  Achias,  and  Trujillo.  In  some  places  the 
rater  issues  from  beneath  the  lower  or  middle  sandstone  of  the  Tru- 
illo,  in  others  from  joints  in  the  clay,  and  in  still  others  from  the  sand- 
tone  which  in  this  region  locally  takes  the  place  of  the  variegated 
hales  of  the  Tecovas.  Some  of  the  springs  are  strong  and  some  mere 
eeps.  The  water  is  almost  invariably  soft  and  suitable  for  house- 
lold  use. 

CRETACEOUS    SPRINGS. 

In  the  Cretaceous  rocks  of  the  Panhandle,  which,  as  has  been  stated, 
ccur  only  in  Umited  areas  in  the  extreme  northwestern  part  of  the 
»tate,  there  are  two  springs  worthy  of  note.  Both  are  situated  in  the 
alley  of  Coldwater  Creek  near  the  northern  part  of  Dallam  County. 

Agua  Fria  Springs  are  located  about  10  miles  west  of  the  Sherman 
•ounty  line.  At  this  place  Coldwater  Creek  has  cut  through  the 
tertiary  deposits,  here  comparatively  thin,  and  for  35  feet  into  the 
>rowaiish-yellow  Cretaceous  sandstones  and  clays,  which  are  exposed 
or  li  miles  along  the  creek.  At  several  points  in  this  distance  the 
vater  issues  from  the  bottom  of  the  creek  and  collects  in  pools, 
anally  forming  a  running  stream. 

Much  more  important  from  an  e<x)nomic  standpoint  are  Buffalo 
Springs,  which  are  located  17  miles  east  of  the  northwest  comer  of  the 
State,  at  the  point  where  two  branches  of  Coldwater  Creek  imite. 
The  stream  has  cut  through  the  Tertiary  deposits,  exposing  the  Cre- 
taceous sandstone  and  clay  along  both  branches.  Here  a  number  of 
strong  springs  issue  near  the  bottom  of  the  valley.  Their  waters  unite 
to  form  a  stream  which  flows  approximately  5  second-feet  and  which 
is  utilized  to  irrigate  150  acres  of  alfalfa,  garden,  and  trees.  When 
lot  used  for  irrigation  the  water  from  the  springs  is  allowed  to  run 
ioMTi  the  creek,  and  is  sufficient  to  flow  for  5  to  8  miles  along  the  sandy 
-hannel  before  finally  disai)peariug. 

TERTIARY    SPRINGS. 

By  far  the  most  numerous  and  also  the  most  important  of  all  the 
springs  in  the  Panhandle  are  those  in  which  the  suf)ply  of  water  conies 
^^om  Tertiarj-  rocks.  Those  springs  occur  at  numerous  points  along 
^heedge  of  the  High  Plains  wIumt  the  water-bearing  beds  are  exposed 
^nd  in  practically  cvcmv  ravine  and  canyon  that  lias  cut  its  way 
through  the  Tertiary  deposits  and  into  the  underlying  formations. 
The  greater  part  of  the  springs  are  contact  springs,  issuing  at  the 
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point  of  unconformity  at  the  base  of  the  Xertiary.  If  a  well  on  ih 
level  plain  penetrates  a  saturated  zone,  water  is  obtained,  and  if  a 
stream  in  its  downward  cutting  encounters  the  same  zone  a  spring 
will  result,  as  shown  in  fig.  3.  So  it  happens  that  many  of  the  snuJl 
streams  which  are  cutting  their  way  headward  into  the  High  Plains 
in  all  directions  encounter  these  water-filled  gravel  and  sand  beds  in 
the  Tertiar}"  and  permit  the  wat^r  to  escape  to  the  surface  as  springs. 
These  springs  are  found  in  all  parts  of  the  Great  Plains  from  Canada  to 
Mexico  and  have  played  an  important  part  in  the  economic  develop- 
ment of  the  region.  Numerous  farm  houses,  ranches,  factories,  forts, 
and  towns  throughout  this  i)art  of  the  United  States  have  been 
located  with  reference  to  some  Tertiary  spring. 

T(u-tiary  s])rings  are  found  in  all  parts  of  the  Panhandle  except  on 
the  level  surface  of  the  High  Plains  and  in  the  bottoms  of  the  larger 
stream  valleys.  In  the  southern  part  of  the  area  both  Palo  Duro  and 
Tiorra  Blanca  creeks  are  fed  by  springs  which  issue  from  sand  beds 
along  the  low  l)luffs  near  the  bottoms  of  the  valleys.  Near  the  point 
where  these  creeks  unite  at  Canyon  each  has  a  flow  of  approximately 
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1")  second-feet.  As  tlie  canyon  det^pens  numerous  small  branches, 
whicli  rise  on  the  level  plain  and  cut  their  way  downward  through  the 
Tertiary  rocks,  reach  the  zone  of  saturation  and  springs  result.  This 
condition  is  well  illustrated  on  the  head  branches  of  Timber  and  Sim- 
day  creeks  and  on  both  North  and  South  Canyon  Cita  creeks. 

Practically  every  stream  which  entei*s  Canadian  River  in  this  region 
is  fed  by  TcMtiarv  springs,  but  only  the  princi})al  spring-fed  creeks  and 
a  few  of  the  most  important  s])rings  can  be  mentiimed. 

North  of  Canadian  River,  Tertiary  s})rings  occur  in  considerable 
numbers  along  Big  Blue  Creek  in  eastern  Moore  County.     They  a.e 
also  ])resent  on  Plum  and  Big  Canyon  creeks,  although  not  in  large 
numbers,  because  these  streams  (low  for  the  greater  part  of  their  course 
through  the  red  beds.     Ranch  Creek  is  a  j)erennial  stream  fed  by  Ter- 
tiary springs.     Near  Le(*\s  ranch,  20  miles  north  of  Amarillo,  several 
strong  s})rings  issu(»  from  Tertiary  sand  wash  in  the  vailley  of  the  Cana- 
dian.    Pitcher  (Veek,  though  a  n^lat  ively  short  stream, carries  sufficient 
water  to  irrigate*  oO  acres  of  alfalfa,  the  entire  amount  being  supplied 
by  Tertiary  springs.     John  Ray,  Lahay,  India,  Corral,  Sand,  Casino, 
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I  Tascosa  creeks  are  all  fed  by  springs  which  issue  near  their  heads 
the  base  of  the  Tertiarj^.  Tlie  amount  of  water,  however,  is  rarely 
licient  to  keep  the  streams  flowing  continuously,  and  most  of 
'se  creeks  are  dry  sand  beds  for  the  greater  part  of  the  year.  The 
An  of  Tascosa  is  supplied  with  water  from  a  spring  which  issues 
)m  the  Tertiarj'  sand  a  short  distance  away.  On  Cheyenne  Creek  a 
tvo  has  been  formed  by  the  construction  of  a  dam  across  the  stream, 
id  the  water  is  conveyed  hy  gravity  to  the  railroad  station  at  Ma- 
iita,  where  it  is  used  by  locomotives.  On  Rita  Blanca,  Moneto, 
inneosa,  and  several  other  smaller  streams  which  enter  the  Cana- 
iaii  from  the  north,  in  the  wei^tem  part  of  the  Panhandle,  a  number 
'  strong  Tertiary  springs  issue  from  the  top  of  the  red  beds. 
The  creeks  which  empty  into  the  Canadian  from  the  south  are 
Iso  fed  by  springs  which  issue  from  the  red  beds  and  Tertiary  con- 
ict  along  the  northern  edge  of  the  Llano  Estacado.  In  the  eastern 
art  of  the  region  Turkey  and  Alibates  creeks  are  supplied  near 
leir  heads  by  Tertiary  springs,  but  the  water  sinks  into  the  sand 
efore  reaching  the  river.  Chicken  Creek  is  fed  by  springs  which 
sue  from  sand  dunes.  Bonita  Creek,  which  is  supplied  by  Tertiary 
;)rings,  flows  a  steady  stream  throughout  the  year,  while  Pedrosa 
reek,  a  few  miles  farther  west,  receives  water  from  a  much  smaller 
umber  of  springs  and  is  in  consequence  a  dry  sand  bed.  Both 
last  and  West  Amarillo  creeks  receive  water  from  Tertiary  springs, 
s  tlo  Tecovas,  Sierra  de  la  Cruz,  and  Parker  creeks,  although  in 
one  of  these  streams  is  the  amount  of  water  sufficient  to  form  a 
uiiiing  stream  all  the  year.  Along  the  heads  of  the  various 
ranches  of  Alamosa  Creek  there  are  many  Tertiary  springs,  near 
ne  of  which  is  located  the  old  L.  S.  ranch.  On  Skunk  Arroyo  and 
laniositas  Creek  there  are  also  numerous  springs,  some  of  which 
ave  a  flow  of  nearly  1  second-foot.  The  spring  at  the  old  X  I  T 
("adquarters,  on  Alamositas  Creek,  luis  ]>een  us(m1  for  irrigation  for 
number  of  3'ears.  Springs  occur  at  the  foot  of  tlie  plains  on  Las 
ehias  Creek  and  on  the  various  tributaries  of  Trujillo  Creek,  par- 
cularly  Agua  Piedra  and  Muj(Tes. 

STREAMS. 

The  drainage  of  the  Panhandle  of  Texas  flows  into  Mississippi 
iver.  The  extreme  northern  part  is  drained  into  Beaver  Creek, 
le  of  the  head  tributaries  of  North  Fork  of  Canadian  Kiver,  and 
le  central  part  is  crossed  bv  (^madian  River.  These  two  streams 
)w  eastward  across  Oklahoma  an<l  unite  before  entering  Arkansas 
iver.  The  water  from  tlic  southern  part  of  the  region  flows  into 
ilo  Duro  Creek,  one  of  the  liead  tributaries  of  Red  River. 
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Beaver  Creek  flows  for  15  miles  in  a  broad  bend  to  the  south  in 
the  northern  part  of  Sherman  Comity.  It  is  here  a  dry  sand  bed 
for  the  jjjreater  part  of  the  3'ear. 

Cold  water  Creek  flows  from  New  Mexico  into  Texas  and  passes 
eastward  across  the  northern  part  of  Dallam  and  Sherman  counties 
before  turning  to  the  north  to  enter  Beaver  Creek  in  Oklahoma. 
For  the  greater  part  of  its  course  in  the  counties  named  Cold  water 
Creek  is  merely  a  dry  sand  bed.  In  two  places,  however,  the 
stream  has  cut  through  the  Tertiary  deposits  mto  the  Cretaceous 
rocks  below,  and  at  these  points  springs  issue,  known  as  Buffalo  aiid 
Agua  Fria  springs.     (See  p.  45.) 

Palo  Duro  Creek  (not  to  be  confused  with  the  stream  of  the  same 
name  farther  south,  in  Palo  Duro  Canyon)  rises  in  southern  Sher- 
man County  and  flows  northeastward  in  a  shallow  valley  on  the  level 
prairie.     In  this  region  the  stream  rarely  contains  water. 

CANADIAN   RIVER. 

Canadian  River  flows  eastward  across  the  Panhandle  just  south 
of  the  center.  It  is  the  largest  stream  in  this  part  of  the  Great 
Plains  and  has  the  largest  drainage  area  of  any  stream  in  the  dis- 
trict. It  rises  among  the  high  peaks  of  the  Rocky  Mountains  in 
northern  New  Mexico  and  flows  southeastward  as  far  as  the  vicinity 
of  Tucunu^ari  Mountain,  New  Mexico,  where  it  turns  to  the  north- 
east and  continues  in  that  general  direction  across  Texas  and  into 
Oklahoma.  In  New  Mexico  it  drains  a  large  area  and  receives  sev- 
eral tributaries  of  C()nsideral)le  size,  but  near  the  Texas  line  the 
drainage  area  decreases  in  width,  and  in  its  course  across  the  Pan- 
han(ll(»  the  stream  has  a  relatively  narrow  valley,  the  distance 
between  tlie  heads  of  the  short  tributary  creeks  on  opposite  sides  of 
the  stream  averaging  not  more  than  35  miles. 

For  practically  its  entire  course  from  northern  New  Mexico  across 
Texas  and  Oklahoma  into  Indian  Territory  tbe  Canadian  is  a  wid^ 
sand-choked  stream.     The  cbannel  is  filled  with  shifting  quicksand 
and  is  noted  for  being  the  most  treacherous  stream  of  the  plains. 
Part  of  the  year  the  channel  is  dry  or  contains  only  a  small  amount 
of  water  in  an  otherwise  dry  sand  bed,  but  freciuently  it  is  a  raging 
torrent.     Sudden  and  rapid  rises  an*  common    but   irregular.     The 
clianuel  may  have  been  dry  for  weeks  when,  without  warning,  a  wall 
of  water  several  feet  high  may  rush  down  the  stream  bed,  carrying 
evervthing  before  it.     Tiie  Hvct  may  continue  high,  sometimes  for 
days,  sometimes  for  weeks,  and  then  it  will  gradually  subside  and 
the  channel  again  become  dry.     In  this  region  the  bed  of  the  stream 
averages  perhaps  half  a  mile  in  width,  although  there  are  localities 
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lere  the  distance  from  bank  to  bank  is  more  than  a  mile,  and  in 
Few  places,  where  the  river  flows  between  high  bluffs,  the  stream 
d  is  constricted  until  it  is  not  more  than  200  yards  wide.  The 
nks  are  in  most  places  low  and  sandy,  except  where  the  stream 
Avs  through  a  canyon  bordered  by  bluffs,  as,  for  instance,  near  the 
3Uth  of  Trujillo  Creek,  not  far  from  the  New  Mexico  line,  where 
e  river  flows  for  10  miles  or  more  between  high  bluff's  of  red  shale 
pped  wnth  Alibates  dolomite.  Near  the  mouth  of  Amarillo  Creek 
e  same  condition  occurs,  and  in  the  eastern  part  of  the  region  the 
ibates  dolomite  is  again  carried  up  along  an  anticline  and  forms 
nspicuous  bluffs  averaging  200  feet  high  for  20  miles  or  more.  In 
lese  localities  the  valley  of  the  river  is  comparatively  narrow. 
The  water  of  the  Canadian  is  usually  turbid,  and,  particularly  in 
nies  of  freshet,  red.  The  color  is  derived  from  the  red-beds  clays 
ver  which  it  passes,  and  is  so  marked  that  in  its  upper  course  the 
tream  is  known  as  Red  River. 

In  the  western  part  of  the  Panhandle  the  Canadian  receives  about 

>0  tributary  creeks,  the  greater  part  of  which  are  relatively  short, 

)nly  four  being  more  than  20  miles  in  length.     Of  those  which  enter 

from  the  north  the  most  important  are  Big  Blue,  Plum,  Big  Canyon, 

Saddlehorse,  Fort,  Ranch,  Pitcher,  John  Ray,  Lahay,  Corral,  Sand, 

India,  Casino,  Piscodo,  Tascosa,  Rica,  Cheyenne,  Rita  Blanca,  Moneto, 

Pedroza,  Antelope,  Minneosa,  and  Caballo.     From  the  south  the  larger 

tributaries  are  Turkey,  Alibates,  Short,  Molyneux,  Coietas,  Chicken, 

Bonita,  Pedrosa,  East  Amarillo,  West  Amarillo,  Horse,  Tecovas,  Sierra 

de  la  Cruz,  Cottonwood,  Parker,  Alamosa,  Skunk,  Alamositas,  Las 

Achias,  and  Trujillo  creeks.     Perhaps  half  of  these  streams  flow  all  the 

year;  some  are  always  dry  except  after  heavy  rains,  and  others  are 

intermittent.     The  w^ater  in  the  majority  of  them  is  derived  from 

Tertiar}'  springs  near  the  heads  of  the  creeks,  and  is  consequently  fresh. 

In  a  few  creeks,  however,  particularly  Big  Canyon,  Saddlehorse,  and 

Alibates,  in  the  eastern  part  of  the  region,  the  water,  which  comes 

largely  from  springs  in  the  Permian  red  beds,  contains  gypsum  and 

other  salts  in  greater  or  less  proportions,  so  that  it  is  not  suitable  for 

inngation  or  domestic  uses. 

RED    RIVER. 

A  considerable  part  of  Deaf  Smith  and  Randall  counties,  in  the 
southern  part  of  the  region,  drains  into  Red  River  through  Tierra 
Blanca  and  Palo  Duro  creeks.  Those  streams,  which  rise  as  shallow^ 
prairie  draws  on  the  lii^hest  portion  of  the  Llano  Estacado  in  eastern 
Xew  Mexico,  pass  into  Texas,  and  for  a  distance  of  25  miles  in  Deaf 
Smith  County  carry  no  water  except  after  heavy  rains.  Near  the 
writer  of  this  county  the  streams  cut  into  Tertiary  deposits  and  springs 
ippear  low  down  in  the  valleys.  These  springs  increase  in  number 
iRR  191—07 4 
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and  size  as  far  as  the  junction  of  the  two  creeks  at  Canyon,  where  each 
creek  carries  about  15  second-feet  of  water.  From  this  point  to  the 
east  Hne  of  Randall  County  Palo  Duro  Creek  flows  in  a  deep  canyon. 
In  this  part  of  its  course  it  receives  the  water  from  a  number  of 
short  creeks  fed  largely  by  Tertiary  springs.  The  largest  of  these 
are  Timber,  Sunday,  and  Canyon  Cita  creeks,  which  empty  from  the 
south  and  drain  the  southeast  comer  of  Randall  County. 

DRAINAGE  OF  THE  HIGH  PLAINS. 

A  considerable  portion  of  the  High  Plains  r^on  does  not  drain  into 
any  stream.  This  part  constitutes  the  original  level  of  the  High 
Plains,  **unscored  by  drainage,  yet  standing  in  relief,'*  from  which 
there  is  practically  no  run-off'.  The  headwaters  of  the  small  creeb 
tributary  to  Canadian  River  and  Palo  Duro  Canyon  are  working  their 
way  headward  into  this  level  plain  and  a  few  meandering  shallow 
draws,  such  as  those  which  form  the  upper  courses  of  Coldwater, 
Perico,  and  Tierra  Blanca  creeks,  traverse  the  plain  in  various  di^e^ 
tions ;  but  by  far  the  greater  part  has  not  yet  been  encroached  on  by 
stream  channels. 

The  supply  of  rainfall  on  the  greater  part  of  the  High  Plains  is  col- 
lected in  shallow  saucer-shaped  depressions  known  as  ** lakes"  eras 
^^playa  lakes,''  which  are  scattered  at  irregular  intervals  on  the  plains. 
These  depressions  vary  in  size  from  the  ordinary  ** buffalo  wallow,"  » 
few  feet  across  and  a  foot  or  two  deep,  to  lakes  several  hundred  rods 
in  diameter,  sunk  20  to  40  feet  below  the  general  surface  level.  In 
Deaf  Smith  County,  for  instance,  there  are  a  number  of  these  depres- 
sions, each  of  which  oceui)ies  an  area  of  more  than  a  square  mile.  In 
several  instances,  particularly  in  localities  near  the  edge  of  the  plains, 
th(*  depressions  arc  deep  and  bowl-shaped.  Many  of  the  lakes  are 
perennial  and  afford  an  abundant  supply  of  stock  water  throughout 
the  year;  others  are  ephemeral,  being  filled  by  rains  and  soon  becoming 
dry;  while  still  others  contain  water  only  rarely.  These  lakes  occur 
on  the  plains  with  no  regularity;  in  some  localities  there  are  none  for 
miles,  while  in  others  there  are  scores  in  a  single  township. 

Many  of  the  larger  depressions  have  drainage  basins,  some  of  which 
are  several  sc^uare  miles  in  area.  The  traveler  crossing  the  High 
Plains  not  infreciuently  encounters  a  shallow  draw  on  the  level  surface 
along  which  after  a  heavy  rain  the  water  is  carried  to  a  near-by  lake. 
Few  of  these  small  stream  beds,  however,  exceed  a  mile  or  two  in 
length  and  10  feet  in  depth. 

The  influence  of  these  lakes  on  the  settlement  of  the  country  has 
been  important,  for  on  the  High  Plains  the  matter  of  water  supply  is 
vital.  In  the  early  history  of  the  Panhandle,  before  wells  had  been 
sunk,  these  lakes  constituted  practically  the  only  supply.  Wagon 
trains  in  crossing  the  Llano  Estacado  came  to  camp  beside  lakes  which 
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ways  contained  water,  and  many  of  the  first  ^'cow  camps"  were 
cated  in  similar  positions.  In  a  number  of  instances  a  town  grew 
f>  at  the  site  of  the  cow  camp,  and  to-day  some  of  the  largest  of  the 
>unty  seats  in  the  Panhandle,  such  as  Amarillo,  Hereford,  Panhan- 
le,  Clarendon,  and  Claude,  owe  their  location  to  the  presence  of  lakes 
Q  the  High  Plains. 

IRRIGATION. 
NECESSITY   FOR   IRRIGATION. 

The  part  of  Texas  to  which  this  report  relates  is  located  in  the 
«iniarid  belt  of  the  Great  Plains.  At  Amarillo  the  annual  rainfall 
or  twenty  years  has  averaged  21.94  inches.  At  Albert,  N.  Mex., 
west  of  this  region,  the  average  annual  precipitation  for  fourteen 
fears  was  16.32  inches.  This  amount,  however,  is  very  irregularly 
iistributed,  the  greater  part  of  it  falling  in  a  few  violent  rains.  Dur- 
ing certain  seasons  there  is  little  or  no  rainfall,  and  occasional  years 
^f  drought  occur,  during  which  the  precipitation  does  not  exceed  15 
inches.  The  soil  is  extremely  fertile  and  wherever  water  can  be 
obtained  is  capable  of  producing  abundant  crops. 

Farming  has  often  been  attempted  on  the  High  Plains.     In  former 
years  the  field  crops  like  those  raised  farther  east,  such  as  wheat, 
cotton,  com,  oats,  and  the  ordinary  garden  vegetables,  were  planted 
in  many  parts  of  the  Panhandle.     Occasionally  such  a  crop  matured, 
but  more  often  sufficient  rainfall  at  critical  periods  was  lacking  and 
the  result  was  failure.     At  present  very  few  attempts  are  being  made 
to  raise  ordinary  farm  crops,  cultivation  being  restricted  to  such 
forage  plants  as  milo  maize,  kaffir  com,  and  sorghum,  which  mature 
with  a  minimum  of  moisture.     In  seasons  of  average  rainfall  these 
forage  plants  produce  practically  as  many  bushels  of  grain  per  acre 
as  do  ordinary  farm  crops  in  more  humid  regions,  and  each  year  the 
acreage  of  such  crops  is  increasing.     There  is  a  Government  experi- 
ment station  at  Channing,  in  the  western  part  of  the  Panhandle, 
where  exi>eriments  have  been  conducted  during  the  last  few  years 
with  grains  such  as  macaroni  wheat  and  spelt,  brought  from  semi- 
arid  regions  in  other  parts  of  the  world,  notably  from  southern 
Russia,  in  the  endeavor  to  obtain  plants  that  would  mature  and 
produce  staple  crops  in  this  part  of  the  High  Plains.     It  is  very 
probable  that  within  the  next  few  years,  as  suitable  crops  are  found 
and  more  intelligent  methods  of  farming  are  introduced,  the  Pan- 
handle will  produce  without  irrigation  many  times  the  amount  of 
grain  raised  at  the  present  time.     It  is  doubtful,  however,  if  the 
ordinary  field  crops  raised  in  the  Eastern  States  will  ever  be  success- 
fully produced  here. 

It  is  obvious,  however,  thai  in  a  region  witli  climatic  conditions 
such  as  those  just  described  irrigation  would  be  a  great  aid  to  sue- 
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cossful  fanning  and  the  nltiniate  development  of  the  region.  Tliii 
fact  has  not  escaped  the  attention  of  the  inhabitants  and  in  a  nmB- 
her  of  l()caliti(»s  in  the  Panhandle  irrigation  on  a  small  scale  hasbett 
attempted,  the  source  of  supply  in  most  cases  being  a  creek  fed  by 
Tertiary'  springs,  l^p  to  the  present  time,  however,  no  large  sAstra 
of  irrigation  lias  been  ])lanned. 

SOI  RCES    OF    WATER    SUPPLY. 

There  are  at  ])resent  four  sources  of  water  supply  for  irrigation  in 
the  Panhandle  of  Texas,  viz,  streams,  springs,  storm  waters,  and 
wells.  None  of  these,  however,  except  the  streams,  has  been  used 
extensively. 

Irrigation  from  stnanhs. — In  this  region  very  few  streams  cant 
sufficient  water  for  irrigation  on  a  large  scale.  The  Canadian  is  the 
only  river  which  has  its  source  in  the  Rocky  Mountains,  and,  as  his 
been  stated,  its  flow  is  verj^  irregular,  being  sometimes  a  rushii^ 
torrent  and  again  for  long  periods  almost  or  quite  dry.  There  is  w 
gaging  station  on  the  Canadian  in  Texas,  but  the  following  records, 
taken  at  Logan,  N.  !Mex.,  a  few  miles  west  of  the  State  line,  indic4t« 
the  extreme  variability  of  the  river. 

Discfmnff  nuasun  mints  of  Canadian  River  iirar  Logan,  X.  Mcx. 
l.,.t...         i  ,.y,.r..Kra„.u.r.  i   ^'''t..   i  i^X»'     vSy.  I  hS^l.     olS'^ 
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('  OctolHT  2.  1!NH.  (uii*  of  llu'  ino.st.  disastrous  flon«ls  in  th«>  hi^itory  of  tho  rivor  <)ecurnvl,  dostW'f 
Tiio.««t  of  tlicwiigon  jiiid  r;iilr«K»d  l»ridi;cs  aloiij^:  thf  otitin-  coiir.s*'  of  the  sin^m.  The  normal  dischdrP 
o.\cc[)t  in  \hx\o  of  Mootls  is  i)rol»al)|y  N'ss  than  JW  sooond-fM-i. 

It  a|)j)cars  that  the  water  in  the  Canadian  is  sullicient,  if  all  i"^ 
utilized,  to  irrigate  many  thousands  of  acres,  but  unfortunately  under 
])resent  conditions  it  does  not  seein  jxKs-^ible  to  make  it  available- 
In  most  cases  the  diificulties  of  storage  would  be  great.  Dam  site=^ 
are  rare  on  most  of  the  streams  of  the  Great  Plains  and  so  far  a^i^ 
known  none  are  available  on  the  Canadian  in  tlie  Paidiandle  (»^ 
Texas.  The  channel  is  broad  and  shallow  and  tilled  with  sand,  i^^ 
places,  to  considerable  depths.  For  instanc(\  at  the  point  wlierP 
the  Fort  Worth  and  Denver  City  Railroad  crosses  the  river  between 
Tascosa  and  Channing,  in  northeastern  Oldham  County,  the  sanJ 
was  found  to  be  160  feet  deep.''     The  scarcity  of  suitable  buildiii'- 

a  Oil  Uio  authority  «>I  the  bridge  forxMiiaii. 
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trials  is  a  serious  problem  over  a  great  part  of  the  High  Plains, 
in  this  region  this  difficulty  does  not  exist,  for  there  is  at  various 
lities  an  abundance  of  dolomite  and  sandstone,  of  which  masonry 
s  might  be  constructed.  But  even  if  it  were  possible  to  build 
rvoirs  the  river  valleys  contain  few  areas  of  any  considerable  size 
ihle  of  being  irrigated.  The  flood  plains  are  in  most  places  nar- 
,  or,  if  vdde,  are  generally  composed  of  sandy  soil  across  which 
ould  be  difficult  to  cany-  water  in  ditches.     All  of  these  conditions 

to  the  conclusion  that  irrigation  on  a  large  scale  can  not  be  sue- 
fully  practice  along  the  Canadian  in  the  western  part  of  the 
handle. 

rigation  along  Palo  Duro  Canyon  in  eastern  Randall  County  is 
foasil>le  because  the  canyon  is  so  narrow  that  there  are  no  suffi- 
tly  large  areas  suitable  for  irrigation.  The  supply  of  water  in  this 
^on  approximates  20  second-feet,  an  amount  sufficient  to  irngate 
msiderable  area  if  land  were  available. 

or  a  number  of  years  irrigation  on  a  limited  scale  has  been  success- 
r  practiced  along  some  of  the  smaller  streams  in  the  region.  In 
ost  every  instance  the  stream  so  utilized  is  fed  by  Tertiary  springs. 
ng  various  tributaries  of  the  Canadian  in  northern  Potter  County 
^ral  projects  have  been  in  successful  operation  for  some  time.  At 
headquarters  of  the  L.  X.  ranch,  25  miles  northeast  of  Amarillo, 
water  from  Bonita  Creek  is  utilized  to  irrigate  150  acres  of  alfalfa, 

on  the  same  ranch,  a  few  miles  farther  west,  the  water  from 
:\\ev  Creek  is  utilized  in  the  same  way.  On  Palo  Duro  and  Tierra 
nca  creeks  in  we.steni  Randall  and  eastern  Deaf  Smith  counties 
re  are  several  small  irrigation  plants.  A  number  of  other  creeks 
he  region  carry  sufficient  water  to  irrigate  considerable  areas,  and 
he  country'  becomes  more  densely  populated  there  is  little  doubt 
t  3'ear  by  year  a  greater  percentage  of  this  surplus  water  will  be  so 
ized. 

mgatlon  from  springs. — A  considerable  number  of  springs  in  this 
on  can  be  utilized  for  irrigation  purposes.  In  several  instances 
i  has  been  done,  but  in  most  of  such  cases  there  are  several  springs 
16  together,  the  combined  flow  of  which  is  taken.  At  best,  how- 
r,  irrigation  from  springs  in  the  Panhandle  must  be  confined  to 
Ited  areas,  for  the  amount  of  water  flowing  from  a  single  spring  is 
10  case  large. 

it  Bufl'alo  Springs,  near  the  Oklahoma  line,  in  northwestern  Dallam 
inty,  irrigation  has  been  in  successful  operation  for  more  than  ten 
rs.  The  water,  which  has  its  origin  in  the  Dakota  sandstone,  issues 
inumber  of  vents  along  two  branches  of  Cold  water  Creek,  and  half 
die  below  the  junction  of  the  two  branches  a  ditch  has  been  led  off 
rrigate  150  acres  of  alfalfa  and  garden.  The  amount  of  water  at 
)  place  is  approxinuitely  5  second-feet. 
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At  Tascosa,  the  county  seat  of  Oldham  County,  strong  Tertiwy 
springs  furnish  the  water  supply  for  the  town,  and  at  various  times 
irrigation  has  be^n  practiced.  At  the  farm  of  J.  M.  Morris,  half  a 
mile  east  of  Tascosa,  where  the  water  from  a  Tertiary  spring  is  utilized 
to  irrigate  an  orchard  and  garden,  good  results  have  been  obtained. 
At  the  old  X  I T  headquarters  on  Alamositas  Creek  several  acres  have 
been  irrigated  from  a  Tertiary  spring,  and  on  Rita  Blanca  and  Min- 
neosa  creeks  small  irrigation  plants  have  been  established  at  various 
times. 

There  are  in  the  region  hundreds  of  Tertiary  springs  with  flows  of 
1  second-foot  or  less  which  at  present  are  not  utilized.  On  many  of 
the  numerous  tributaries  of  Canadian  River  there  are  scores  of  such 
springs.  As  settlement  increases  it  may  be  confidently  expected  that 
those  who  come  into  the  country  will  take  advantage  of  these  natural 
irrigation  sites  and  that  within  the  next  decade  irrigation  from  springs 
will  be  greatly  developed. 

Irrigation  from  storm  waters. — As  has  been  stated,  much  of  the  rain- 
fall of  the  Panhandle  occurs  as  dashing  showers  at  irregular  intervals, 
chiefly  din*ing  the  spring  and  summer  months.  After  a  shower  the 
water  on  the  High  Plains  accumulates  in  shallow  sags,  and  the 
greater  part  eventually  finds  its  way  into  the  broad,  shallow  lakes 
which  are  scattered  over  the  plains.  Among  the  breaks  it  passes  into 
the  smaller  streams  which  empty  into  Canadian  River  or  Palo  Duro 
Creek.  In  numerous  places  the  sags  on  the  plains  or  the  dry  channels 
among  the  breaks  have  been  dammed,  forming  reservoirs  known 
locally  as  '  4anks/'  to  liold  stock  water.  In  several  instances  a  ditch 
ha.s  been  led  out  of  one  of  these  artificial  ponds  to  irrigate  a  few 
square  rods  of  garden  or  orchard.  During  the  last  few  years  the 
number  of  such  plants  has  increased,  and  while  it  is  obvious  that 
irritj:ati()n  of  this  character  can  never  l)e  practiced  on  a  large  scale  it 
is  nevertheless  possible  for  hundreds  of  families  in  the  region  to  be 
provided  l)y  this  means  with  liome-grown  vegetables  and  fruit. 

Irrigation  from    wells. — In    the    discussion    of    artesian    water  in 
another  part  of  this  report  the  conclusion  was  reached  that  the  pros- 
pects for  an  artesian  supply  over  the  greater  part  of  the  Panhandle 
of  Texas  were  not  good.     On  the  other  hand,  ordinary  wells,  which 
are  common  in  all  parts  of  the  region,  furnish  as  a  rule  more  water 
than  is  needed  for  stock  and  domestic  use.     In  most  of  the  wells  on 
the  ])lains  the  supply  is  practically  inexhaustible  with  ordinary  winJ" 
mill  pumping,  and  the  surplus  above  what  is  used  for  the  purposes 
named  nn'ght  well  be  utilized  for  irrigation.     In  many  places  th^ 
chief  tlifficulty  in  the  3vay  of  such  utilization  is  the  expense  of  lifting 
the  water  to  the  surface.     In  this  region  wind  power  is  almost  univef ' 
sally  used  for  this  purpose,  and  in  localities  where  wells  are  shallo^^ 
(as,  for  instance,  along  stream  valleys  or  in  the  vicinity  of  Herefor^l^ 
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in  Deaf  Smith  County,  where  the  water  is  not  on  an  average  more 
than  60  feet  below  the  surface)  it  has  been  found  profitable  to  use 
well  water  for  irrigating  small  areas. 

In  the  greater  part  of  the  Panhandle,  however,  the  water  is  too  deep 
to  be  available.  As  has  been  stated,  the  average  depth  of  the  wells 
on  the  High  Plains  is  over  200  feet  and  in  some  locahties  the  water  is 
400  to  500  feet  below  the  surface.  It  is  obvious  that  under  such  con- 
ditions little  more  can  be  done  than  to  irrigate  a  garden  or  an  orchard, 
and  so  far  as  observed  this  is  all  that  has  ever  been  attempted. 
Examples  of  this  method  of  irrigation  are  not  uncommon  in  many 
parts  of  the  region,  many  ranchmen  having  a  small  garden  irrigated 
from  a  deep  well. 

FUTURE   OF   IRRIGATION. 

The  local  conditions  being  taken  into  account,  there  is  little  reason 
to  suppose  that  there  will  ever  be  any  extensive  irrigation  works  con- 
structed along  the  streams  in  this  region.     The  supply  of  water  is 
insufficient  except  in  Canadian  River  and  Palo  Duro  Creek,  and  on 
neither  of  these  streams  are  the  conditions  such  that  large  irrigation 
projects  could  be  successfully  carried  out.     Small  streams,  springs, 
artificial  ponds,  and  wells  supply  water  for  limited  irrigation — suffi- 
cient in  many  cases  to  raise  vegetables  and  fruit  for  a  family  and  even 
to  irrigate  several  acres  of  field  crops.     But  there  is  little  to  warrant 
the  hope  that  change  of  climatic  conditions  will  cause  the  water  supply 
of  the  Panhandle  to  increase,  and  imless  some  means  more  efficient 
than  the  ordinary  windmill  be  obtained  to  lift  the  water  from  deep 
wells,  it  is  extremely  improbable  that  extensive  works  can  ever  be 
installed.     On  the  other  hand,  it  is  obvious  that  only  a  small  part  of 
the  available  water  is  now  being  utilized  and  it  is  possible  that  the 
future  will  witness  in  this  region  thousands  of  small  pumping  plants, 
each  capable  of  supplying  sufficient  water  to  irrigate  a  small  tract. 
By  the  utilization  of  spring  waters  now  allowed  to  go  to  waste  and  of 
surplus  water  from  wells  it  will  be  possible  to  secure  home  comforts 
otherwise  unattainable. 

WATER  CONDITIONS  BY  COUNTIES. 
GENERAL   STATEMENT. 

Of  the  eight  counties  under  discussion  the  four  lying  farthest 
^t — Sherman,  Moore,  Potter,  and  Randall — are  each  30  miles 
square,  while  the  four  lying  to  the  west,  touching  the  New  Mexico 
line,  are  30  miles  nortli  and  south  and  approximately  48  miles  east 
ftnd  west.  The  usual  system  of  public-land  surveys,  so  common  in 
the  central  and  western  parts  of  the  United  States,  is  not  employed  in 
Texas  for  the  reason  that  when  this  State  came  into  the  Union  by 
annexation  it  retained  its  own  public  lands.     There  are  no  regular 
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section,  township,  or  range  line^,  but  the  land  has  been  laid  off  into 
inegiilar  blocks  and  subdivided  into  tracts  containing  either  a  square 
mile  or  a  league.  Some  of  the  earlier  surveys  employed  the  Spanui 
vara,  which  equals  33.385  -f  inches;  1,897.7  +  varas  equal  1  mile. 
No  accurate  base  maps  of  the  region  are  available;  that  which  forms 
the  basis  of  PL  III  was  compiled  from  a  number  of  county  maps. 

SHERMAN   COUNTY. 

Topography. — Sherman  County  is  situated  in  the  northeastern  part 
of  the  region  and  is  bounded  on  the  north  by  Oklahoma.  Its  surface 
is  generally  a  level  plain  with  a  mean  elevation  of  4,000  feet,  sloping 
gradually  to  the  east.  Beaver  Creek  has  eroded  a  valley  averaging 
half  a  mile  wide  and  100  feet  deep  for  5  mile^  through  the  northern 
part.  Cold  water  Creek  flows  eastward  across  the  county  north  of  the 
center  in  a  meandering  valley  50  feet  deep  and  a  quarter  of  a  mile 
wide.  In  the  southeast  comer  is  the  head  of  Palo  Duro  Creek,  here 
only  a  shallow  draw\ 

Geology. — The  rocks  of  Sherman  Coimty  are  all  of  Tertiary  and 
Quaternary  age,  this  being  the  only  county  in  the  region  in  which 
pre-Tertiary  rocks  are  not  exposed  on  the  surface.  White  cliffs  of 
Tertiary  clay  outcrop  here  and  there  along  the  creeks,  but  throughout 
the  greater  part  of  the  county  few  rocks  are  exposed,  the  surface 
being  everywhere  covered  with  a  thick  sod  carpet  of  buffalo  grass. 

WaUr  supply. — Beaver,  Coldwater,  and  Palo  Duro  creeks  are  trib- 
utary to  North  Fork  of  Canadian  River,  but,  except  after  local  rains, 
rarely  contain  any  water.  Numbers  o[  shallow  **  lakes''  are  scattered 
over  the  surface*  in  nearly  all  parts  of  the  county,  into  which  is  gath- 
ered the  greater  j)art  of  the  rainfall,  to  remain  until  it  evaporates  or 
soaks  into  (he  ground.  The  surface  is  level,  with  few  canyons  where 
erosion  has  exposed  the  water  table;  consecpiently  there  are  few 
springs.  Well  water  is  abundant  in  all  parts  of  the  county,  and 
because  of  th(»  absence*  of  springs  and  running  streams  is  depended  on 
entirely  for  water  supply.  The  depth  of  the  wells  varies  consid- 
erably. At  Stratford,  the  county  seat,  the  court-house  wtII  found 
water  at  a  depth  of  2:^0  feet,  while  from  15  to  IS  miles  south  of  the 
town  a  number  of  w(»lls  vary  from  800  to  400  feet  in  depth.  North 
of  Stratford  the  wells  average  250  feet  and  a  few  miles  farther  east 
from  175  to  225  feet  in  depth.  A  few^  wells  located  in  the  valley  of 
some  creek,  such  as  Beaver  or  Coldwater,  are  not  more  than  60  feet 
deep,  but  on  the  High  Plains  most  wells  are  more  than  150  feet  ii^ 
depth.  The  average  depth  of  28  wells  in  dift'erent  j)arts  of  the  count}' 
is  107  feet. 
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DALLAM    COUNTY. 

Topography. — Dallam  County  is  located  in  the  northwest  comer  of 
pxas,  and  is  bounded  on  the  north  by  Oklalioma  and  on  the  we«t  by 
e\v  Mexico.  The  surface  is  a  level  plain  sloping  eastward  from  an 
(^vation  of  4,800  feet  near  the  northwest  comer,  the  highest  eleva- 
on  in  the  Panhandle,  to  approximately  4,100  feet  in  the  northeast 
>rner,  an  average  slope  of  12  feet  to  the  mile.  Coldwater  Creek  in 
le  north  and  Perico  and  Carriso  creeks  in  the  southwest  have  cut 
lallow  valleys  into  the  level  upland  plain. 

Geology. — The  greater  part  of  the  surface  rocks  of  Dallam  County 
-e  of  Tertiary  origin,  and  where  exposed  along  the  bluffs  of  shallow 
ream  valleys  exhibit  the  ordinar\"  white  clay  cliffs,  with  a  few  ledges 
■  sand,  gravel,  and  pebbles.  In  the  southwest  part  of  the  county 
lere  is  a  sandy  region  with  low  irregular  dunes.  Along  some  of  the 
•eek  beds  in  the  northern  and  western  parts,  where  erosion  has 
^moved  the  Tertiary  deposits.  Cretaceous  rocks,  consisting  of  beds  of 
)ft  yellow  to  brown  sandstone  interbedded  with  shales,  are  exposed 
Bre  and  there.  These  exposures  occur  on  Coldwater  Creek  at  Buffalo 
id  Agua  Fria  springs,  at  a  point  hear  the  New  Mexico  line  in  the 
ctreme  northwest,  and  near  Texline  on  both  the  north  and  south 
ranches  of  Perico  Creek. 

Water  supply. — Across  the  county  from  northwest  to  southeast  flow 
iree  shallow  creeks — Coldwater,  Perico,  and  Carriso.  Coldwater 
reek,  which  is  locally  knowTi  as  Rabbit  Ear  Creek  from  the  fact  that 
,  rises  in  the  Rabbit  Ear  Mountains,  flows  in  a  meandering  valley 
cross  the  northern  part  of  the  county.  It  carries  water  only  below 
he  points  where  Cretaceous  springs  occur.  Perico  and  Carriso  creeks, 
rhich  rise  among  volcanic  peaks  on  the  High  Plains  of  northeastern 
•few  Mexico,  flow  southeastward  across  Dallam  County  and  unite 
lear  Dalhart,  forming  Rita  Blanca  Creek,  a  tributary  of  the  Canadian. 
3oth  Perico  and  Carriso  creeks  are  shallow  sand  draws  and  rarely 
contain  water.  The  greater  part  of  the  rainfall  soaks  into  the  giound 
)r  flows  into  prairie  lakes,  where  it  evay)orates. 

The  only  springs  of  importance  in  Dallam  County  are  Bufl'alo  and 
Igua  Fria  (see  p.  45),  botli  of  which  are  located  on  Coldwater  Creek. 
They  issue  from  Cretaceous  rocks  exposed  near  the  creek  bed,  and 
iter  flowing  for  a  few  miles  disappear  beneath  the  sands.  The  flow 
rom  Buffalo  Springs  approximates  5  second-feet;  that  from  Agua 
Via  Springs  is  not  nearly  so  great,  perliaps  less  than  1  second-foot. 

Wells  are  common  in  all  parts  of  Dallam  County.  By  far  the 
heater  part  of  them  have  been  drilled  for  stock  water  by  the  Capitol 
^and  and  Cattle  Company,  the  owners  of  the  not(Ml  X  I  T  ranch, 
'Vhich  formerly  contained  :],0()().()0()  acres  of  land  located  in  ten  of  the 
"ounti(»s  of  northwestern  Texas.      In  the  northwestern  part  of  Dallam 
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County,  where  Cretaceous  rocks  approach  the  surface  and  the  super- 
ficial Tertiaiy  deposits  are  thin,  water  is  foimd  at  comparatively  shal- 
low depths.  Some  wells  here  encounter  a  supply  ample  for  stock  and 
domestic  use  at  10  to  25  feet,  but  the  greater  number  go  down  for  75 
to  100  feet.  Farther  southeast,  where  the  Tertiary  deposits  are 
thicker,  the  depth  to  water  increases,  and  in  the  region  north  of 
Dalhart  in  the  south-central  part  of  the  county  much  of  the  water  is 
found  at  deptks  ranging  from  250  to  400  feet.  In  one  area  15  miles 
square  in  this  vicinity  the  average  depth  of  the  wells  is  400  feet. 
The  average  depth  of  27  wells  in  Dallam  County  is  212  feet.  i 

HARTLEY    COUNTY. 

Topography. — Hartley  County  lies  south  of  Dallam,  being  the  sec- 
ond from  the  north  in  the  w  estern  tier  of  counties  in  the  Panhandle,  i 
The  surface  for  the  greater  part  slopes  gradually  to  the  south  and  I 
east.  All  of  the  county  is  typical  of  the  High  Plains,  except  certain 
areas  in  the  southern  part,  w-hich  lie  in  the  breaks  along  the  heads  of 
various  creeks  flowing  southward  uito  Canadian  River.  In  this, 
region  the  heads  of  these  streams  have  cut  into  the  flat  upland, 
forming  numerous  shallow  valleys.  The  valley  of  Rita  Blanca  Creek, 
which  averages  75  feet  in  depth  and  a  mile  in  w4dth,  extends  from 
north  to  south  across  the  eastern  part  of  the  county. 

GeoUujy. — The  greater  part  of  the  surface  rocks  in  Hartley  County 
are  of  Tertiary  age.  Along  the  u})per  courses  of  some  of  the  creeks 
wliich  rise  in  the  High  Plains  in  the  southern  part  and  flow  southwanl 
into  the  Canadian  are  white  cliffs  composed  of  Tertiarj'  clay.  A 
considerable  part  of  the  western  half  of  the  county  contains  low  sand 
dunes  derivcul  from  Tertiary  sand.  Triassic  red  l)eds  are  exposed 
along  the  streams  in  tlie  southern  part  of  the  county  where  Tertiary 
dej)osits  liave  l)een  eroded. 

^^a1fr  supply. —  Rita  Blanca  Creek  is  the  largest  stream  in  Hartley 
County.     It  is  a  tyj)ical  Higli  Plains  stream  and  is  formed  by  the 
junction  of  Perico  and  Carriso  creeks,  which  unite  near  Dalhart  at 
the  north  lino  of  tlie  county.     Neither  of  these  creeks  carries  water 
except  after  lieavy  rains,  and  Rita  Blanca  throughout  the  greater 
part  of  its  course  southward  across  Hartley  County  is  merely  a  dry 
sand  bed.     At  a  point  about  15  miles  above  tlie  mouth  of  the  creek 
the  stream  cuts  through  the  TiM'tiary  rocks  and  exposes  the  under- 
lying red  beds,  which  outcroj)  along  the  creek  from  tliis  point  to  the 
river.     Sj)rings,  which  issue  at  th(»  line  of  unconformity,  furnish  suf- 
ficient water  to  j)roduce  a  running  stream  below  this  point  for  the 
greater  part  of  tlie  ycMir.     Punta  de  Agua  Creek,  which  flows  eastward 
and  emj)ties   into   Rita  Blanca  Creek   in   tlie  southern  part  of  the 
county,  is  ordinarily  a  dry  sand  bed.      Its  cliief  tributary.  Middle- 
water  Creek,  carries  little  or  no  water  except  after  heavy  rains. 
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Besides  Rita  Blanca  and  its  tributaries  some  of  the  streams  which 
rise  in  Hartley  Comity  and  flow  southward  into  Oldham  County 
before   reaching   the   Canadian    are    the   following:  Tascosa,    Rica, 
Cheyenne,  Moneto,  Pedroza,  Antelope,  Minneosa,  and  Caballo.     On 
the  High  Plains  in  the  northern  and  central  parts  of  the  county  there 
is  no  run-off,  and  the  water  derived  from  rainfall  either  soaks  imme- 
diately into  the  groimd  or  passes  into  shallow  lakes,  whence  it  is 
slowly  evaporated. 

Springs,  mostly  of  Tertiary  origin,  are  found  along  certain  creeks  in 
the  southern  part  of  Hartley  County.  Some  of  these  springs  issue 
at  the  red  beds — ^Tertiary  contact,  and  some  from  a  sandy  stratum  in 
the  Tertiary.  Much  of  the  water  that  supplies  Tascosa,  Cheyenne, 
Rita  Blanca,  Antelope,  and  Minneosa  creeks  comes  from  Tertiary 
springs  in  southern  Hartley  County.  In  general  these  springs  are  not 
particularly  strong,  averaging  perhaps  not  more  than  one-tenth  to 
one-fourth  second-foot,  but  the  water  derived  from  them  is  sufficient 
for  stock,  so  that  in  this  vicinity  wells  are  not  as  common  as  on  the 
High  Plains  farther  north. 

In  the  northern  and  northeastern  parts  of  Hartley  County  the  depth 
to  water  varies  from  250  to  400  feet.  Near  Hartley,  east  of  the  center 
of  the  county,  the  wells  are  350  to  375  feet  deep,  and  at  Channing,  the 
county  seat,  their  average  depth  is  300  feet.  In  the  western  part  of 
the  county,  in  what  is  known  as  the  Middlewater  district,  water  is 
found  at  depths  varying  from  160  to  200  feet.  Among  the  breaks 
in  the  southern  part  of  the  county  the  wells  vary  from  10  to  150 
feet  in  depth.  At  Willow  Springs  ranch,  12  miles  west  of  Channing, 
an  artesian  well  is  reported.  The  records  of  76  wells  in  all  parts  of 
Hartley  County  show  an  average  depth  of  240  feet,  a  greater  average 
depth  than  in  any  other  county  in  this  part  of  the  Panhandle. 

MOORE    (OITNTY. 

Topography. — Moore  County  is  situated  south  of  Sherman  and  east 
of  Hartley.  It  is  the  second  county  south  of  Oklahoma  and  the 
second  east  of  New  Mexico.  Its  greater  part  lies  on  the  High  Plains, 
at  an  elevation  varying  from  about  4,000  feet  in  the  northwest  comer 
to  a  little  less  than  3,000  feet  along  Canadian  River  in  the  south- 
eastern part.  The  latter  elevation  is  the  lowest  in  the  region  to 
which  this  report  relates.  In  the  southern  and  southeastern  parts 
of  the  county  the  topography  is  rough,  the  High  Plains  being  dissected 
by  several  short  creeks  tributary  to  the  Canadian,  wliich  crosses  the 
extreme  southeast  corner  of  the  county.  Several  of  these  creeks, 
particularly  Big  Bhie  and  its  tributaries,  have  carv^ed  narrow,  steep- 
sided  canyons  in  phices  as  much  as  200  feet  deep. 

Geology. — Throughout  the  greater  part  of  Moore  County  only  Ter- 
tiary rocks  are  exposed  on  the  surface.     White  Tertiary  cHffs  occur 


60       GEOLOGY    AND    WATER   RESOURCES    OF    PANHANDLE,   TEXAS. 

in  the  breaks  near  the  heads  of  various  creeks,  and  in  certain  localities 
low  sand  dunes  are  found.  Permian  red  beds  outcrop  along  the 
Canadian  and  on  the  lower  course  of  Big  Blue  Creek,  both  the  Greer 
and  Quartermaster  formations  being  exposed.  A  prominent  member 
of  the  Quartermaster  formation  is  the  Alibates  dolomite  lentil,  which 
forms  the  escarpment  of  the  canyon  of  Big  Blue  Creek.  The  AUbates 
is  also  conspicuously  exposed  on  the  bluflFs  along  the  river. 

Water  supply, — The  drainage  of  Moore  Countj^  flows  southeastward 
into  the  Canadian.  This  river,  which  flows  for  3  miles  across  the  south- 
eastern part  of  the  county,  is  here  contained  between  liigh  bluffs  of 
red  clay  (tapped  by  the  Alibates  dolomite.  Big  Blue  Creek,  which 
drains  a  considerable  area  in  the  central  and  southeastern  parts  of 
the  county,  is  formed  by  two  branches,  both  of  which  begin  as  flat 
draws  on  the  High  Plains.  In*  the  course  of  their  development  they 
have  cut  through  the  Tertiary  deposits,  exposing  the  water  table, 
whence  springs  issue.  From  this  point  to  its  mouth,  just  across  the 
line  in  Hutchinson  County,  Big  Blue  Creek  is  a  running  stream. 
Farther  west  are  Corral,  Sand,  India,  and  Casino  creeks,  which  rise 
in  Moore  County  and  pass  into  Potter  County  before  emptying  into 
the  Canadian.  All  these  streams  are  fed  by  Tertiary  springs  and  con- 
tain water  for  parts  of  their  courses  only.  A  considerable  portion  of 
central  and  northern  Moore  County  has  no  drainage  except  into  lakes 
on  the  High  Plains. 

Most  of  tlie  springs  in  Moore  County  occur  in  the  southern  and 
s()ntIioast(Tn  parts  near  the  heads  of  the  creeks  just  mentioned,  par- 
ticularly Big  Blue  Creek.  As  a  rule,  they  issue  at  the  Tertiary  and 
red  beds  contact,  but  a  few  start  at  a  higher  horizon.  Their  water 
is  almost  uniformly  fresh  and  pure.  The  flow  from  any  one  spring  is 
in  few  cases  large,  but  the  aggregate*  from  the  hundreds  that  occur 
in  th(»  region  is  considerahle,  so  that  not  many  wells  are  necessary 
to  furnish  stock  water.  Springs  in  the  red  beds  occur  along  the  Cana- 
dian and  the  creek  valleys.  The  water  from  some  of  these  springs  is 
fresh,  but  in  most  cases  it  contains  a  suflicient  amount  of  mineral 
salts,  chiefly  gypsum,  to  make  it  unpalatable  and  even  to  render  it 
unfit  for  domestic  use. 

Few  of  the  wells  which  have  l)een  bored  on  the  High  Plains  in  the 
central,  northern,  and  western  parts  of  Moore  (M)unty  fail  to  obtain 
an  abundant  supply  of  water.     At  Dumas,  the  county  seat,  wells  are 
2f)0  feet  dei^p.     East  of  Dunuis  they  are  from  100  to  200  feet  deep, 
while  in  the  western  j)art  of  the  county  the  average  is  240  to  300  feet. 
Near  the  northern  line  the  depths  vary  from  150  to  225  feet,  and  along 
Blue  Creek  and  in  the  breaks  in  the  southern  part  of  the  ccmnty  they 
average*  from  10  to  100  feet.     There  is  an  artesian  well  on  Big  Blue 
Creek  in  the  eastern  part  of  the  county,  the  water  of  which  probably 
comes  from  the  Triassic  formations  below  the  Tertiary.     In  the  red- 
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beds  area  in  the  valley  of  the  Canadian,  where  but  few  wells  have 
been  sunk,  the  water  is  generally  poor.  The  average  depth  of  36 
wells  in  Moore  County  is  161  feet. 

POTTER    COUNTS. 

Topography, — Potter  County  is  situated  west  of  the  center  of  the 
Panhandle,  in  the  third  tier  of  counties  from,  the  Oklahoma  line,  and 
the  second  tier  east  of  New  Mexico.  Its  extreme  southern  part  only 
is  on  the  High  Plains;  the  Canadian  flows  eastward  across  the  north- 
em  part.  The  greater  part  of  the  county  hes  in  the  breaks  of  the 
Canadian,  and  the  topography  is  consequently  rough,  being  charac- 
terized by  rounded  hills  and  knolls  and  in  places  by  rather  narrow , 
steep-sided  canyons  and  intervening  slopes.  Sand  dunes  occur  on 
Chicken  Creek  and  neighboring  streams  in  the  northern  part  of  the 
county  and  on  the  slope  north  of  Canadian  River. 

Geology. — Both  Tertiary  rocks  and  red  beds  are  well  exposed  in 
Potter  County.  On  the  High  Plains  near  ^Vmarillo,  in  the  southern 
part  of  the  county,  the  rocks  are  the  ordinary  High  Plains  Ter- 
tiary. Near  the  edge  of  the  Llano  Estacado  there  are  conspicuous 
ciifTs  of  whit«  clay,  while  farther  north  in  the  breaks,  particularly 
along  the  divides  between  the  small  creeks,  are  rounded  knolls  and 
small  ridges,  many  of  them  covered  w^ith  smooth  w^aterw^ora  pebbles, 
weathered  out  from  the  lower  members  of  the  Tertiary.  Along  the 
river  and  most  of  the  tributary  creeks  both  Permian  and  Triassic  red 
beds  occur,  all  the  members  of  both  series  from  the  Greer  gyj^sum  to 
the  middle  sandstone  of  the  Trujillo  formation  being  well  exposed. 
Prominent  cliffs  of  red  shale  occur  in  various  localities,  capped  here 
by  the  Alibates  dolomite  and  there  by  the  lower  sandstone  of  the 
Trujillo. 

^^^ater  supply, — The  diannel  of  Canadian  River,  the  largest  stream 

in  Potter  County,  averages  half  a  mile  in  width.     The  l)anks  are  for 

the  most  part  low  and  sandy,  although  in  certain  localities — as  for 

instance,  near   the   mouths  of   Bonita   and   Amarillo  creeks — steep 

bluffs  occur,  capped  usually  with  Alibates  dolomite.     iVs  has  been 

stated,  the  channel  is  usually  dry,  but  the  river  is  subject  to  sudden 

and  rapid  rises,  in  which  great  quantities  of  water  pass  down  the 

stream  in  a  few  hours.     Tlie  chief  tributaiy  creeks  whicli  enter  the 

Canadian  from  the  north  in  Potter  County  are  Plum,  Big  Canyon, 

Saddlehorse,  Fort,  Rancli,  Pitcher,  John  Ray,  Laluiy,  Corral,  Sand, 

India,  and  Casino,  wliile  those  from  the  south  are  Turkey,  Alibates, 

Short,  Molyneux,  Coietas,  Chicken,  Bonita,  Pedrosa,  East  Amarillo, 

West  Amarillo,  Horse*,  Tecovas,  and  Sierra  de  la  Cruz.     Practically 

all  of  these  creeks  rise  as  shallow  sand  draws  on  tlie  U'l^i  Plains  and 

flow  toward  the  river,  finally  cutting  througli  the  Tertiary  deposits 

and  into  the  red  beds  before  reachinir  the  main  stream.     Most  of 
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tliem  liave  water  in  their  lower  courses  only;  a  few  are  dry  except 
after  heavy  rains;  while  others,  notably  Bonita,  Ranch,  and  Pitcher 
creeks,  have  sufficient  water  all  the  year  for  a  small  amount  of  irriga- 
tion. On  the  High  Plains  in  the  southern  part  of  the  county  there 
are  a  number  of  lakes  intif  which  the  surplus  water  from  rainfall  col- 
lects and  remains  until  it  evaporates. 

Springs  occur  in  Potter  County  chiefly  at  the  usual  horizon,  viz,  tbe 
line  of  unconformity  at  the  top  of  the  red  beds.  Water  from  the  Ter- 
tiary dej)osits  of  the  High  Plains  both  north  and  south  of  the  river 
comes  to  the  surface  at  this  level  and  issues  as  springs  which  supply  the 
creeks  mentioned  above.  Few  individual  springs  afford  more  than 
one-fourth  or  one-half  second-foot  of  water,  but  the  aggregate  from 
the  great  number  of  springs  Ls  considerable,  as  illustrated  by  such 
streams  as  Bonita,  Chicken,  Ranch,  and  Pitcher  creeks,  each  of  which 
flows  several  second-feet.  Springs  also  occur  in  the  red  beds  in  this 
county.  As  a  rule  the  water  from  those  in  the  Triassic  formations  is 
good,  but  much  of  that  from  the  Permian  beds  contains  appreciable 
amounts  of  mineral  salts  and  is  unlit  for  domestic  use. 

Yory  few  wells  have  been  put  down  in  Potter  County  except  on  the 
High  Plains  in  the  southern  part.     In  the  breaks  along  the  river  an 
ample  supply  of  water  for  both  stock  and  domestic  uses  and  in  many 
places  a  surplus  for  irrigation  is  furjiLshed  by  springs.     At  Amarillo, 
the   county  seat,  the  wells   average   240    feet   in   depth.      Farther 
east,  in  th(»  direction  of   Panliandle,  their  depth   increases   in  some 
cases    to  300   or  350  ieei.     An  average  of   23  records  obtained  in 
tliis  county  is  260  feet,  but  this  average  Ls  misleading,  for  in  the  breaks 
near  the  river,  where  wells  are  not  common,  those  that  have  been 
put  down  are  relatively  shallow,  not  averaging  more  than  50  feet,  so 
that  for  the  entii*e  county  the  average^  depth  is  perhaps  not  more  tham- 
150  feet. 

OLDUAM    COUNTY. 

T()p()(jra phij.  -Oldlmm  (\)unty  is  located  on  the  west  line  of  the 
wState,  being  the  third  county  south  of  Oklahoma.  Its  topography  is 
very  similar  to  that  of  Potter  County.  The  southern  part  lies  on 
the  High  Plains,  and  Canadian  River  flows  eastward  near  the  north- 
ern line.  Thus  the  greater  j)art  of  Oldham  County  lies  on  the  slope 
south  of  the  river,  and  into  this  slope  a  number  of  short  creaks, 
flowing  northward,  have  cut  minor  valh^ys,  j)roducing  a  rugged  topog- 
raphy. North  of  the  Canadian  also  the  country  is  broken.  In 
tlie  western  part  of  the  county  the  Canadian  flows  between  chflFs 
of  red  sliale  150  feet  high,  capped  by  the  Alibates  dolomite,  and  in 
the  same  region  a  number  of  creeks  have  cut  canN-ons  tlu-ough  this 
formation. 

(rfolo(j)j. — The  rocks  of  Oldham  County  are  all  red  beds  or  Tertiary 
deposits.     iVlong  the  river  near  the  mouth  of  Trujillo  Creek   the 
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Quartermaster  formation  is  exposed  and  with  it  the  Saddlehorse  gyp- 
sum and  AUbates  dolomite  lentils,  the  latter  forming  the  cap  of  con- 
spicuous bluffs  for  miles  along  the  various  streams.  Most  of  the 
red  beds,  however,  are  of  Triassic  age,  both  the  Tecovas  and  the 
Trujillo  formations  being  well  exposed  along  the  river  and  in  the 
valleys  of  the  various  creeks,  extending  in  places  as  far  back  as  the 
edge  of  the  High  Plains.  Along  the  creeks  red  clays  and  gray  and 
yellow  sandstones  are  conspicuous.  Near  the  mouth  of  Trujillo 
Creek  the  variegated  shales  of  the  Tecovas  formation  are  represented 
by  a  ledge  of  soft  yellow  to  red  sandstone  containing  fossil  wood. 
The  High  Plains  in  the  southern  part  of  the  county  are  composed  of 
Tertiary  rocks,  as  are  also  the  divides  between  many  of  the  creeks. 
The  northern  edge  of  the  Llano  Estacado  in  this  county  is  in  most 
places  a  cliff  50  to  200  feet  high,  composed  of  white  clay.  Along  the 
slopes  and  on  the  smaller  divides  smooth  waterworn  pebbles  cover  the 
ground  and  gravel  points  are  common. 

Water  supply. — Oldham  ig  the  best  watered  county  in  the  western 

part  of  the  Panhandle.     Canadian  River,  which  flows  eastward  across 

its  northern  part,  is  in  most  places  a  broad,  shallow,  sand-choked 

stream,  often  dry,  but  subject  to  rapid  rises.     Along  a  part  of  its 

course  in  Oldham  County  the  river  is  narrow  and  is  contained  between 

bluffs  100  to  140  feet  high.     In  general,  however,  its  valley  is  from 

1  mile  to  2  miles  wide.     Numerous  tributary  creeks  which  rise  near  the 

edge  of  the  High  Plains  enter  from  both  north  and  south.     Those  from 

the  north  are  Piscodo,  Tascosa,  Rica,  Cheyenne,  Rita  Blanca,  Moneto, 

Pedroza,  Antelope,  Minneosa,  and  Caballo.     Of  these  Rita  Blanca,  the 

Tiost  important  stream,  is  formed  by  the  junction  of  Cairiso  and 

F^erico  creeks  in  southern  Dallam  County  and  flows  entirely  across 

hartley  County  before  entering  Oldham.     Practically  all  the  creeks 

Mentioned  rise  in  Hartley  County  and  are  fed  by  Tertiary  springs,  so 

hat  in  their  course  in  Oldham  County  they  are  running  streams  for  at 

^a^t  part  of  the  year.     Cottonwood,  Parker,  Alamosa,  Skunk,  Alamo- 

»it-as.  Las  Achias,  and  Tnijillo  creeks  enter  Canadian  River  on  the 

»outh.     Trujillo  Creek,  whicli  is  the  largest,  rises  at  th<»  base  of  the 

t^Iigh  Plains  in  New  Mexico  and  flows  northeastward,  receiving  as 

^i*ibutaries  Mujeres  and  Agua  Piedra  creeks  before  joining  tlie  river. 

AJamosa  Creek  is  also  a  large  stream  and  drains  a  considerable  area. 

AJI  of  these  streams  are  spiing  fed,  but  in  most  of  them  the  water  sinks 

into  the  sand  before  reacliing  the  river. 

Springs  occur  along  all  the  streams  in  Oldham  County,  and  ])ar- 
ticularly  in  the  region  soutli  of  tlio  river  luindi'eds  issue  at  tlie  Tertiary 
and  red  beds  contact  or  from  sandy  beds  in  tlie  Tertiary  deposits. 
A  notable  examj)le  of  a  Terliary  s|)ring  is  the  one  near  Alaniositas 
Creek  at  the  old  X  I  T  ranch  lieadquarters,  which  flows  half  a  second- 
foot.     Another  valuable  spring  on  Skunk  Arroyo,  a  few  miles  east  of 
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the  one  on  Alamositas  Oeck,  flows  more  tlian  1  second-foot.  Strong 
Tertiary  sj)ring8  occur  on  Las  Achias,  Trujillo,  Caballo,  Minneosa,  and 
Alamosa  creeks. 

Springs  from  the  red  beds  are  common.  On  Sierra  de  la  Cruz, 
Parker,  and  Alamosa  creeks  the  water  issues  in  places  from  beneath 
the  various  sandstone  ledji:es  of  the  Trujillo  formation  and  in  places 
from  joints  in  the  red  clay.  On  Las  AcliiasOeek  a  number  of  strong 
sprin*^s  issue  near  the  Alibates  dolomite.  All  the  Tertiarj^  springs 
and  the  nuijority  of  those  from  the  red  beds  in  Oldham  County  supply 
fresh  water.  The  water  from  a  few  si)rings  wliich  issue  in  the  Per- 
mian red  beds,  however,  contains  gy])suni  and  other  mineral  salts. 

W(*lls  are  not  common  in  Oldham  County,  except  on  the  High  Plains 
near  the  southern  line,  for  the  reason  that  springs  are  abundant  in 
most  localities  and  furnish  an  ample  supply  of  stock  water.  North  of 
the  river  ihore  are  a  few  wells  which  average  100  to  150  feet  indeptL 
On  the  Llano  Estacado  in  the  southern  i)art  the  average  depth  is  200 
feet,  varjang  from  160  to  245  feet.  The  average  depth  of  12  weUsin 
Oldham  County  is  1 00  feet. 

DEAF    SMITH    C'OUNTl:'. 

Topography. — Deaf  Smith  County,  the  south  westernmost  county  ia 
the  region,  is  l)oun(led  on  the  west  by  New  Mexico  and  is  the  fourtli 
county  soutli  of  Oklahoma.  All  of  it  is  situated  on  the  Llano 
Kstacado  (wcept  the  (^xtrenu*  northwest  corner,  which  lies  in  the  val- 
ley of  Trujillo  Cre(»k  at  the  foot  of  the  ])lains.  The  shallow  channels 
of  Palo  Duro  and  Tierra  Blanca  creeks  (»ach  follow  a  meandering 
course  eastward  across  the  county.  At  the  eastern  line  these  streams 
have  cut  canyons  averaging  50  feet  in  d(»])th  and  a  quarter  of  a  mile  in 
width. 

(uolixjli.  -  The  rocks  of  Deaf  Smith  County  are  chielly  of  Tertian' 
age,  hut,  as  is  usual  on  the  High  Plains,  very  f(^w  outcrops  occur.  In 
the  northwestern  part  of  tlu*  county,  at  tlie  edge  of  the  Llano  Esta- 
cado, there  an^  clili's  KM)  to  150  feet  high  (•omj)()sed  of  white  Tertiary 
clay,  and  at  the  foot  of  the  plains  in  the  same  locality  ordinary  peb- 
bles are  found.  Red  beds  of  Triassic  age  occur  at  the  foot  of  the  plains 
along  the  various  small  tributaries  of  Trujillo  Creek. 

W'ativ  .vf//>/>/y.-- St  reams  are  rare  in  most  parts  of  Deaf  Smith 
County.  A  few  small  creeks,  all  of  which  flow  northward  into  Tru- 
jillo Creek,  rise  at  tlie  foot  of  the  High  Plains  in  the  northwestern 
part.  On  the  Llano  Estacado  Palo  Duro  and  Tierra  Blanca  Greeks 
How  entirely  across  the  county  from  west  to  east.  Both  of  these 
streams  have  their  origin  in  Xew  Mexico  as  shallow  draws  on  the  level 
plains  and  extend  for  more  than  30  miles  before  carrying  any  water  in 
their  cliannels.  About  15  miles  from  the  eastern  Hue*  of  tlie  county 
both  streams  have  cut  down  to  the  water  table  and  springs  begin  to 
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ppear  along  the  creek  beds,  increasing  in  botli  number  and  volume 
ntil  at  the  point  where  they  leave  the  county  each  creek  carries 
pproximately  5  second-feet  of  water.  Most  of  the  rainfall  flows  into 
he  numerous  lakes,  which  include  some  of  the  largest  in  the  Pan- 
landle. 

A  few  springs  issue  from  the  red  beds  and  Tertiaiy  contact  at  the 
oot  of  the  plains  in  the  northwestern  part  of  the  county,  but  none  of 
hem  are  of  any  great  importance.  Hundreds  of  springs  issue  along 
he  beds  of  Palo  Duro  and  Tierra  Blanca  creeks  in  the  eastern  part, 
rhe  water  of  these  evidently  does  not  issue  as  usual  from  the  uncon- 
rormity  at  the  base  of  the  Tertiary  deposits,  but  from  sand  and  gravel 
strata  in  the  Tertiary.  Few  of  the  springs  are  strong,  but  the  aggre- 
gate flow  from  the  great  number  that  ocx^ut  is  considerable. 

Wells  are  abundant  in  Deaf  Smith  County.  At  the  foot  of  the 
plains  in  the  northwestern  part  there  are  a  few  wells  averaging  80 
feet  in  depth,  which  obtain  water  in  the  red  beds;  this  water  is  usually 
not  good.  On  the  plains  the  depth  varies  considerably  in  different 
localities.  In  the  western  part  13  wells  average  254  feet,  varying 
from  155  to  375  feet.  In  the  northeastern  part  wells  var^'  from  100 
to  150  feet  in  depth.  Near  Hereford,  the  county  seat,  in  the  south- 
eastern part,  water  is  shallower  than  on  any  part  of  the  High  Plains 
south  of  the  Canadian  in  this  region,  the  average  depth  being  60  feet. 
In  the  town  of  Hereford  there  are  nearly  200  win(hnills.  The  aver- 
age depth  of  21  wells  in  the  eastern  part  of  the  county  is  71  feet,  while 
southwest  of  Hereford  the  depth  to  water  is  in  places  300  feet  or  more. 
The  average  depth  of  120  wells  in  all  parts  of  Deaf  Smith  County  is 
94  feet,  being  the  lowest  of  all  the  counties  in  this  part  of  the  Pan- 
handle. 

RANDALL    COIXTY. 

Topography, — Randall  is  the  southeastemmost  county  in  the  region 
to  which  this  report  relates.  The  surface  is  a  level  plain  trenched  in 
its  eastern  part  by  the  deep  gorge  of  Palo  Duro  Canyon.  The  can^  on 
proper,  which  begins  near  Canyon,  not  far  from  the  center  of  the 
county,  is  fonned  by  Palo  Duro  an<l  Tierra  Blanca  creeks,  both  of 
^'hich,  in  the  western  part  of  the  county,  flow  in  valleys  averaging 
100  feet  in  depth  and  half  a  mile  in  width.  From  the  junction  of 
these  two  streams  the  canyon  deepens  steadily  until  at  tlie  eastern 
line  of  the  county  it  is  800  feet  deep.  Tliroughout  a  considerable 
part  of  its  course  this  canyon  is  not  more  than  a  mile  wide,  with  steep, 
111  many  places,  precipitous  sides.  Several  snialh'r  streams  which 
<*nter  from  the  south,  notably  Sunday,  Tiniher,  and  Canyon  Cita 
creeks,  have  cut  short  canyons  wliich  at  their  mouths  are  as  deep  as 
the  main  canyon. 

Geology. — On  the  lli<^h  Plains  and  alon^  the  upper  part  of  Palo 
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THE  POTOMAC  RIVER  BASIN. 


By  Horatio  N.  Parker,  Bailey  Willis,  R.  H.  Bolster,  W.  W. 
Ashe,  and  M.  C.  Marsh. 


INTRODUCTION. 
scopt:  of  tiik  paper. 

Hardly  a  river  basin  in  the  country  is  of  more  importance  from  the 
Point  of  view  of  the  utilization  of  water  resources  than  that  of  the 
f^otomac.     The  water  power  developed  in  this  area  drives  the  wheels 
^f  many  mills,  and  the  waters  of  the  streams  are  used  in  the  processes 
of  diverse  industries.     The  beauty  of  the  streams  and  the  supply  of 
fisix  have  made  a  large  portion  of  the  basin  a  recreation  ground  for 
thc:>xisands  of  people,  while  tluo  Potomac  itself  furnishes  drinking  water. 
f*>r'    the  National  Capital.     In  order  to  obtain  definite  information  on 
ibo   character  of  the  water  supply  an  extensive  investigation  was 
undertaken  jointly  by  the  Geological  Survey,  the  Bureau  of  Forestry, 
and  the  Bureau  of  Fisheries.     The  result  of  this  work  is  the  present 
p^aper,  in  which  are  described  all  the  conditions  that  affect  the  eco- 
U(>inic  utilization  of  the  water  resources.     The  scope  of  the  paper  is 
best  shown  by  enumerating  the  principal  features  of  the  investiga- 
tion, which  are  as  follows: 

1.  A  study  of  the  geographic  history  of  the  basin. 

2.  The  determination  of  the  amount  of  water  flowing  in  the  prin- 
cipal streams,  a  compilation  of  all  data  relating  to  the  quantity  of 
water,  and  a  study  of  the  distribution  of  the  rainfall. 

3.  A  complete  reconnaLssance  of  the  drainage  area  with  respect  to 
sources  of  pollution,  a  study  of  the  prevalence  of  typhoid  fever  in  the 
District  of  Columbia  and  at  other  points,  and  an  investigation  of 
the  quality  of  the  surface  water  as  shown  by  field  assays  and  sanitary^ 
and  mineral  analyses  of  water  taken  at  many  points. 

4.  A  study  by  the  Bureau  of  Forestry  of  the  effect  of  the  soils  and 
forest  cover  on  the  turbidity  of  the  water  and  the  flow  of  the  streams, 
and  the  preparation  of  a  map  showing  the  forest  conditions. 

5.  A  study  by  the  Bureau  of  Fisheries  of  the  effect  of  industrial 
wastes  on  fishes. 
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IIISTORICAIi  SKKTCll  OF  THE  POTOMAC  BASIN. 

By  IIouatio  N.  Parkeu. 

The  Potomac  became  of  moment  in  English  annals  with  the  settle- 
ment of  Jamestown,  Va.  Capt.  John  Smith  discovered  the  river 
(Patawomek,  as  he  spelled  it)  June  16,  1()08,  and  sailed  upstroaiu 
about  30  miles  to  a  point  where,  after  having  met  with  a  hostile*  rece})- 
tion  from  the  Indians,  he  landed  on  tlu»  Virginia  shore.  From  this 
place,  probably  Xomini  Bay,  he  continued  up  the  river,  touchins:  ut 
various  points,  until  he  had  passed  tlu*  present  site  of  Washington, 
^^liaviiig  gone  up  as  high  as  they  could  in  a  boat."  Here  they  wen* 
lYU't  by  savages  in  canoes  loaded  with  the  flesh  of  deer,  bears,  and  other 
^minials,  of  which  they  obtained  a  portion.  On  their  return  jouniev 
they  ni(»t  with  many  adventures,  but  reached  Jamestown  in  safety. 
In  early  cohmial  times  the  name  Potomac  was  applied  to  the  river 
from  its  mouth  to  its  junction  with  tlie  Shenandoah  at  Harpers  Ferry. 
Tlie  ])orti(m  of  the  river  from  that  point  to  its  source  at  the  headwaters 
of  North  Branch  was  called  tiie  Cohongorutcm,  a  name  said  to  be  a 
corrupticm  of  the  Indian  Koh(mk-on-roo-ta,  or  *'wild  goose  stream, 
from  the  great  number  of  wild  geese  that  inhabited  it,  the  *'ko-honkl 
ko-honk!"  of  the  bird  suggesting  the  term. 

Lord  Fairfax  in  his  land  grants  on  this  part  of  the  watercourse  des- 
ignated it  Potomac,  by  which  means  it  gradually  lost  its  ancient  name. 
Shenandoah  Kiver  was  first  called  Gerando,  then  Sherandoah,  ami 
iinally  Shenandoah.  For  a  hmg  time  after  the  settlement  of  Jamestown 
th(»  colonists,  t terrified  by  th(^  gloomy  for(\sts  of  the  interior,  clun^ 
to  the  coast;  but  in  1710  Governor  Spottswood  led  an  expedition  to 
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the  Blue  Ridge  and  reached  its  summit,  probably  near  Swift  Run  Gap. 
He  descended  into  the  valley,  crossed  the  river,  which  he  named 
Euphrates,  and  took  possession  of  the  coimtry  in  the  name  of  the 
King  of  England.  There  were  no  direct  results  from  the  expedition, 
but  it  had  the  good  effect  of  dispelling  the  mystical  terror  with  which 
the  colonists  had  invested  the  region. 

Prior  to  its  occupation  by  the  settlers  the  valley  of  Virgmia  was  a 
liunting  ground  for  various  Indian  tribes,  who  burned  the  grass  every 
all  before  going  into  winter  quarters  in  order  to  keep  dowTi  the  for- 
^ts.  Consequently  the  only  timber  was  along  the  streams  and  well 
)ack  in  the  mountains.  The  forests  that  now  exist  have  spnmg  up 
ince  those  times.  The  trails  followed  by  the  colonists  through  the 
mountains  w^ere  established  by  the  buffaloes  and  other  large  game 
nd  were  well  worn  by  the  Indians.     The  valley,  as  has  been  said,  w^as 

hunting  ground  rather  than,  a  permanent  abode  of  the  aborigines, 
[ence  the  few  villages  in  it  were  of  a  temporary  nature  and  had  a 
tfiil  existence.  The  game  consisted  of  buffalo,  elk,  deer,  bear,  pan- 
ler,  and  wild  cats,  besides  beavers,  wolves,  foxes,  and  other  animals, 
he  Indians  welcomed  the  Pennsylvania  colonists  because  of  the  trust 
ley  had  in  WiUiam  Penn,  but  they  showed  great  hostility  toward  the 
^ttlers  from  tidewater,  whom  they  called  ''The  Long  Knives,'*  and 
hoTxi  they  hated.  In  1753  emissaries  from  west  of  the  Alleghenies 
ime  among  the  valley  Indians  and  invited  them  to  crpss  the  moun- 
lins,  which  they  did  in  1754.  Their  sudden  exodus  caused  much 
neasiness  among  the  Virginia  colonists,  who  feared  that  the  action 
)reboded  impending  hostilities.  This  proved  true  enough,  for  it  w  as 
robably  French  influence  that  coaxed  the  Indians  away,  and  after 
►raddock's  defeat  they  terrorized  the  valleys  of  South  BrUnch  and 
[le  Shenandoah,  committing  many  outrages,  and  not  being  driven 
aek  until  the  close  of  the  French  and  Indian  war. 

The  upper  and  lower  portions  of  the  valley  of  Virginia  were  settled 
t  about  the  same  time.  The  colonists  of  the  tide-w^ater  regi(m  made 
lieir  way  up  the  lowland  rivers  and  finally  passed  over  the  mountains 
ito  the  valley,  and  at  the  same  time,  or  a  few  years  before,  the  region 
Dward  the  Potomac  was  settled  by  wSeotch-Irish  and  Germans  from 
Pennsylvania.  The  Scotch-Irish  were  the  pioneers  and  established 
oniesteads  along  Opequon  Creek  from  the  Potomac  to  what  is  now 
\"inchester.  The  Germans  followed.  Joist  Kite,  in  1732,  obtained  a 
rant  of  40,000  acres  and  with  16  families  moved  from  Pennsylvania, 
utting  the  road  from  York,  crossing  the  Cohongoruton  2  miles  above 
larpers  Ferry,  and  settling  on  Opequon  Creek  5  miles  south  of  Win- 
hester.  His  followers  built  Strasburg  and  other  towns  along  Massa- 
lutteu  Mountain.  In  1733  Jacob  vStover  took  a  grant  for  5,000  acres 
if  land  on  South  Fork  of  the  wShenandoah,  and  in  1734  settlers  from 
lonocacy,  Md.,  located  on  North  Fork  of  the  Shenandoah,  12  miles 
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south  o{  Woodstock.     Two  rahins,  erectwl  in   173S  near  Shawwe 
Sprintrs,  wore  the  hojrinninj^  «)f  the  town  of  Winchester,  lon«r  a  frontier 
post  «)f  the  (•oh>ny  in  that  (juarter.     John  I^ewis  hnnij^rht  over  from 
Irohmd   and   S(M)thind    100  families  and  settled   near  what  is  now 
Staunton,   Au«r»»J^ta  County.     Conoo<K*heajrue  Creek  was  settled  at 
(ireencastlo.  Pa.,  in  17.'M.  tlio  place  beinjr  first  known  as  the  Cdnnro- 
cheajruc  Settlements.     In  17:54  Richard  ^[or^an  o))tained  a  tract  ivf 
land  near  Shepherdstt>wn.  the  oldest  town  in  West  Virjrinia.    Komner. 
W.  Va.,  was  laid  t»ut  hy  liord  Fairfax  in  1742  and  is  the  second  oldest 
tt)wii  in  the  State.     In  174S  Robert  Harper,  an  Enfrlish  niillwright, 
came  to  ITjirpcrs  Kerry.     Benjamin  Allen,  Riley  Moore,  and  William 
White  built  liomes  on  the  Monocacy  prior  to  17.*M.  and  in  173othf 
Schlcys.  with  nb<»ut    KM)  families  from  Germany,  Switzerland,  and 
France,  established  tluMuselves  on  the  Monocacy,  the  first  housein 
Frederick  IxMiiir  <'rccted  by  Thomas  S<'hley  in   1735.     By  174S  the 
derma M  iinmi«rrnnts  lind  taken  po.sse.ssion  t)f  many  valuable  tracts 
alonji:  M<»n<M'jh  y  Kiv(»r  and  Cattictin  (Yeek.     At  an  early  i)eri<^l  many 
immi^rrants  became  occupants  of  the  Cacapon  and  Lost  River  valleys 
and  numerous  settlcmcuis  W(M'e  made  on  Back  and  Cedar  creeks.    In 
1711  Col.  Thomas  Cresap,  with  his  t)wn  and  s<»veral  «>ther  families, 
lt>cated  at  "Shewnnecsc*"  OMtnwn,  <»n  North  Branch  of  the  Pot^mao. 
The  first   settlers  on  tlu*  Wap])atoi!uika,  as  South  Branch  of  the 
Totomac  was  called,  located  in  17)vl  or  17*^5.     They  failed  to  secure 
title  to  their  lands,  and  so  Ix'canu*  involved  in  a  dispute  with  L<»nl 
Fa  rfnx,  who.  tliev  felt .  d(»:ilt  hjusbly  with  them.     There  is  a  tradition 
tliat   Lord  l^'juirnx  l)e(*n?ne  int<M'(^>te(l  in  his  A'ir»i:inia  venture  thmiiL'h 
nieetin.L^  »lolin  Ilowjinl.  who.  wiili  liis>on.  is  said  to  have  explored  tin" 
vnlley  of  XirLrini.-i  prior  t«»  its  MMJeiiieiit  :ind  to  have  di.s<-overwl  tlir 
v}illt\v  of  Stuitli  Ur:inrli.  ero.Nsed  ilie  AlleirluMiy  Mountains,  and  ;:ono 
<lo\vn  Ohio  and  Mi>si»ippi  river'^  to  New  ( )rleans,  where  they  woi^' 
jirr(»>ted  a>  suspicions  character^  and  -ent  tt)  Paris:  thence,  no  cans' 
beinir  foiMid  for  ln^idini:  tlu'iu.  tliey  \V(Mit  to  London, where  the  meeting' 
witli  Lord  Fairl'ax  i>  ^aid  to  have  txcnrnMl.     Lord  Fairfax  came  t«' 
\'ir<i:inia  in  17  12  and  o|)en(Mi  jin  ojlice  in  l-'airlax  County  for  ^raiitiiii' 
land  warrants.      A  few  years  later  he  iiio\ed  to  what  he  called  (Ircon- 
way  Court,  I'J  or  1  I  miles  soulli(\Mst  of  Winchester,  where  he  koi)t  hi^ 
oliice  until  hcMlied  in  17S1.      I  lis  surveyors  derided  that  North  Branch 
was  tlu*  main  stream  <>f  the  Potomac  ami  locatetl  the  **  Fairfax  Stone 
at  its  head  October  17,  17  Hi.     This  a«ti(»n  wa^  irreatly  to  his  advan- 
tajre,  for  had  South  Branch  been  cho>en  a^  the    'lirst  fountain"  tk 
Fairfax  holdin«rs  woidd  have  been  nnich  reduced.    Later  the  States »'f 
\'ir*;inia  and  Maryland  became  involved  in  a  disj>nte  as  to  the  loca- 
tion of  the  boundary  line  between  tliem.and  tluniLrh  the  (piestioii  lui^ 
never  been  settled   \'irj:inia    has    been   abh*   to   maintain   the   North 
Branch  as  the  boundary,  basinjr    her  claim  on   the    location  t)f  tlio 
"Fairfax  Stone." 
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In  1725  John  Van  Metre,  a  trader  from  Hudson  River,  traversed 
the  lower  Shenandoah,  upper  Potomac,  and  South  Branch  valleys, 
and  at  Hanging  Rocks  witnessed  a  bloody  battle  between  two  parties 
of  Indians.  He  returned  home  much  impressed  with  the  richne^  of 
the  South  Branch  region  and  advised  his  sons  to  move  there,  which 
they  subsequently  did.  The  earliest  settlers  found  a  natural  clearing 
in  the  woods  at  Oldfields  and  built  a  fort  there,  which  was  the  scene 
of  many  fights  with  the  savages. 

Lands  on  Patterson  Creek  began  to  attract  the  pioneers  a  little 
before  Fort  Cumberland  was  completed  in  the  winter  of  17r)4-55.  In 
1728  there  was  an  Indian  town  known  as  Caiuc-tu-cuc  on  the  ground 
between  Wills  Creek,  or,  as  it  was  then  known,  Caiuc-tu-cuc  Creek, 
and  North  Branch;  it  was  located  for  the  most  part  upon  the  site 
of  the  west  side  of  what  is  now  Cumberland.  The  Indian  village 
was  abandoned  and  in  its  place  a  settlement  of  whites  slowly  grew 
up.  The  last  Indian  to  remain  and  have  authority  was  known  as 
Will,  and  the  town  for  a  long  time  was  known  as  Will's  Town,  the 
creek  as  Will's  Creek,  and  the  mountain  where  he  had  his  home  as 
Will's  Mountain.  His  rights  in  the  country  appear  to  have  been 
recognized,  for  the  early  settlers  always  made  him  a  present  when 
they  took  up  land.  The  first  comer  to  Cumberland  of  whom  there  is 
record  was  an  Englishman  named  Evitt,  who  led  the  life  of  a  recluse 
in  his  cabin  on  top  of  Evitts  Mountain,  where  he  died  before  1749. 

Georges  Creek  took  its  name  from  an  Indian,  George,  who  had  his 
hunting  lodge  on  the  present  site  of  Lonaconing.  He  was  a  favorite 
of  and  lived  with  (^ol.  Thomas  Cresap,  of  Oldtown,  who  had  employed 
his  father,  Nemacolin,  to  mark  out  the  road  from  Cumberland  to 
Brow^nsville,  on  the  Monongahela.  General  Braddo(*k  followed  the 
path  and  the  national  road  varies  but  little  from  it.  This  testifies  to 
the  excellent  manner  in  which  the  Indian  did  his  work. 

Cumberland  was  long  tlie  outpost  of  civilization  in  the  Potomac 
Valley.  The  la.st  refuge  of  the  Indians  was  on  Savage  Mountain; 
hence  its  name.  The  first  settlers  on  Georges  Creek  came  from  New 
Jersey  and  Virginia.  Prior  to  1830  there  were  not  more  than  30 
houses  in  Georges  Creek  valley.  North  Branch  above  Westernport 
seems  to  have  been  well  known  at  an  early  date.  Washington,  on 
his  return  from  the  trip  to  Ohio  in  1784,  crossed  the  stream  and  men- 
tions in  his  journal  for  September  26  that  he  was  told  by  Joseph 
Logston,  who  had  hunted  along  the  river,  that  there  was  no  fall  in  it, 
and  that  from  Fort  Cumberland  to  the  mouth  of  Savage  River  the 
water  was  frecjuently  made  use  of  in  its  natural  condition  for  canoes, 
and  that  from  thence  upward  it  was  rapid  only  in  places,  with  loose 
rocks  which  could  be  easily  removed. 

Sept^jnber  27  Washington  crossed  Stony  Kiver,  which  he  speaks  of 
as  appearing  larger  than  North  Branch.  On  his  return  to  Mount 
Venum  he  made  a  map  of  the  country  he  had  visitcnl,  (m  which  was 
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shown  Xt>rth  Brancli  with  the  tributaries  Difficult  Creek.  Stcay 
Riv(T,  Ahrains  Creek,  New  Creek,  Georges  Creek,  Savage  River,  and 
tho  lioiul  of  Patterson  Creek.  A  map  by  Joseph  Shriyer,  puhlished 
in  1X21.  shows  North  Branch  from  Westemport  to  its  sourc^e,  the  only 
town  aliove  Westornport  l)eing  Paddytown,  now  Keyser,  W.  Va. 

Coal  sccMns  t«)  have  been  known  to  the  earliest  settlers.     In  ISCMit 
was  discovered  near  the  pn\sent  site  of  Frostburg.     In  1810  a  tre- 
nienilous  freslu»t  stripped  the  earth  from  the  banks  of  Guinea  Run, 
disj)hi\  inir  the  coal  on  what  is  known  as  the  Barton  property.    People 
eanie  Troni  miles  around  to  see  '*the  mountain  of  coal."     For  some 
time  is  wns  mined  with  mattocks  and  the  ore  was  hauled  to  Wim-hes- 
ter  and  Uomnev  for  blacksmithing  purposes.     In  1814  or  1S15,  wliile 
the  national  road  was  being  made,  coal  was  found  at  P>khart  Mines 
and  was  hauled  in  wajrons  to  Cumberland  and  Baltimore.     Tlureeor 
four  bateaux  arrived  at  Washington  April  20,  1826,  laden  with  o««l 
from  the  rich  mines  at  Cumberland.     Up  to  1842  merchants,  laborers, 
and  others  engaged  in  various  pursuits  in  the  summer  and  worked  in 
the  mines  or  ci>al  banks,  as  they  were  called,  in  the  winter,  some  as 
teamsters,  some  as  boat  builders,  and  some  as  miners.     The  coal  was 
hauled  to  the  river  bank  and  ])iled  there  in  large  quantities.     In  the 
s|)ring  freshets  th*^  boats,  which  hauled  frtnn  1,000  to  1,500  bushels, 
were  sent  <lown  the  river  to  the  purehasc^rs.     The  flatboats  were  not 
returMiMJ,  but  occasionally  a  keel  boat  laden  with  supplies  was  labori- 
ously pi>le<I  back.     From  ni)  to  (10  boats,  earrj'ing  an  aggregate  of 
7"). (MM)  bushels  of  ctKil.  comprised  the  total  shipment  each  year  preAn- 
ou>  to  tiic  completion  t»f  the  Baltimore  and  Ohio  Railroad  in  KM'J. 
A>  the  coal  business  was  conducted  u|)  to  that  time,  it  was  hazardous 
tt>  capital  and  destructive  to  the  liv(^s  of  those  engaged  in  carrj'in^ril 
nil,  many  boats  bein*^:  wreckcnl  on  the  rocks  in  the  river.     Hence  few 
mines  were  worked,  the  chief  being  the  old  Eckhart  mine,  0  miles  west 
(»r  Cumberland.     The  (IcMuges  Cnvk  Coal  and  Iron  Company  was  the 
{\]>\  t«)  develoj)  mines  w(»st  of  Fn)stl)urg.     It  began  excavations  for 
its  iron  furnace  in  is:)(i.     Coal  was  fust  shi]>ped  on  the  Chesai>eake 
and  Ohio  Canal  in  lsr>().     The  coal  lields  of  North  Branch  above  Pied- 
mont were  descrii)ed  by  Prof.  W.  B.  Kog(»rs  in  \SIM)  in  his  re|M)rt  on  the 
geolo^^y  of  X'irginia. 

The  orderly  develo|)menl  of  the  PolonuicA'alley  proceeded  until  the 
outbreak  of  the  civil  war,  when  the  arts  of  pea<e  were  suspended  and 
this  battle  ground  of  the  Indian  became  that  of  the w^hite  man.  The 
great  battles  of  Antietam  and  Gettysburg  were  fought  vvitliin  the  val- 
ley's 1)orders,  as  were  a  host  of  other  no  less  bravely  contested  engago- 
m(Mits.  For  four  years  the  work  of  destruction  went  on,  but  with  the 
advent  of  p<»ace  in  due  time  came  prosperity,  which  has  continued, 
until  to-day  the  growth  of  the  industries  aiui  population  in  the  valley 
is  healthy  and  vigorous. 
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By  Bailey  Willis. 


GKNKRAIi  I>E8CRIPl^ION  OF  1$A8IX. 

The  Potomac,  rising  among  the  Allegheny  Plateaus  and  Appala- 
chian Ranges,**  gathers  its  waters  in  a  main  channel  which  crosses  the 
grain  o#  the  country  in  a  southeasterly  course.  Its  mouth  is  an  estu- 
ary, a  branch  of  Chesapeake  Bay.  Washington  is  situated  at  the 
head  of  tide  water,  where  the  estuary  receives  the  river  proper.  The 
stretch  from  Wasliington  upstream  to  Cumberland,  a  distance  of  lOS 
miles  in  a  direct  line  and  186  miles  by  the  river,  is  the  tnmk  channel. 
The  Shenandoah,  Great  Cacapon,  and  South  Branch  are  its  principal 
feeders.  They  enter  from  the  southwest.  North  Branch  is  the  actual 
head  of  the  river.  The  tributaries  from  the  northeast  are  relatively 
short,  Wills  Creek,  Conococheague  Creek,  and  Monocacy  River  being 
the  principal  ones. 

Although  the  Potomac  watershed  is  a  mountainous  region,  charac- 
terized by  ranges  of  notable  height  and  continuity,  it  is  not  limited  by 
the  greater  elevations.  We  are  apt  to  think  of  the  basin  of  a  river  as 
an  area  surroimded  by  a  liigli  or  at  least  obvious  divide,  but  that  is 
not  true  of  the  Potomac.  Its  trunk  channel  cuts  across  the  ranges;  its 
branches  embrace  them;  its  headwaters  in  North  Branch  invade  even 
the  plateau  whose  bold  scarp  suggests  an  unbroken  divide.  The  prin- 
cipal streams  rise  in  valleys  wliich  extend  with  undiminished  width 
and  without  change  of  the  gentle  slope  beyond  the  head  springs.  In 
their  continuation  other  springs  and  brooks  gather  and  flow  in  a  direc- 
tion opposite  to  that  taken  by  the  waters  of  the  Potoiuar.  The  part- 
ing streams  are  opponents,  which  compete  for  territor}\  The  basin 
which  the  Potomac  may  drain  is  limited  by  its  competitors.  The 
Susquehanna  holds  the  valley  of  Pennsylvania,  the  James  is  en- 
trenched in  southern  Virginia,  and  the  Big  Kanawha  and  Mononga- 
hela  contest  the  western  plateau  region. 

The  shape  of  the  Potomac  drainage  basin  west  of  the  Blue  Ki(lor(>  is 
oval;  its  length,  northeast  to  southwest,  being  160  miles  and  its  widtli 

«  Powell,  J.  W.,  Physiographic  regions  of  th«»  UiiiU'd  Stales:  National  deographic  Mnimjrraphs.'  vol. 
1,  No.  3, 1805,  map. 
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hut  SO  miles.  Tn  consociuence  of  the  ^reat  length  of  the  southern 
tributariosy  the  tniiik  channel  crosses  the  northern  part  of  the  ba^tin 
and  leaves  the  oval  at  its  northeast  comer,  where  it  and  the  l)rooks 
that  join  it  constitute  a  triangular  expansion  of  the  watershed. 

The  arrangement  of  streams  within  the  watershed  deserves  notice. 
By  a  study  of  the  outline  map  (PL  II)  it  M-ill  be  seen  that  there  is  a 
piH'uliar  parallelism  among  the  many  rivers  flowang  to  the  northeast 
or  s()utliw(^st,  and  also  a  marked  tendency  to  courses  which  for  short 
distances  are  at  right  angles  to  the  general  direction.  The  arranjre- 
ment  is  a  common  one  in  certain  regions,  and  a  stream  system  thus 
d(»veloped  is  known  as  "trellised  drainage,"  from  the  resemblance 
wliich  the  riv(»rs  hear  to  the  stems  of  a  vine  on  a  trellLs.  While  a  Irel- 
lised  ])lan  exists  in  mucli  of  the  Potomac  basin,  it  does  not  extend 
tliroughout.  Anotlier  plan  is  to  be  noted,  for  example,  in  the  Monoc- 
acv,  ( loose  Cn^ek,  headwaters  of  the  Shenandoah,  and  highest  forks  <»f 
North  Branch.  This  is  a  plan  characterized  by  acutely  branching 
streams  which  divide  as  do  the  limbs  of  an  elm  tree. 

Trellised  drainage  of  the  Potomac  is  restricted  to  the  Appalachian 
Ranges  and  results  from  the  grain  of  the  country;  that  is  to  say, from 
the  fact  that  the  rocks  avo  arranged  in  layers  which  show  their  edj^s 
at  the  surface  and  tluis  extend  long  distances  in  one  direction.  Some 
arc  hard  (>andslones)  and  some  are  soft  (shales  and  limestones). 
|{idg(\s  persist  on  the  hard  belts  as  valleys  develop  on  the  soft  rocks 
between,  and  the  streams  for  tlie  most  ])art  follow  the  grain.  There 
arc  conditions,  liowcvcr,  under  which  they  must  cross  from  one  valley 
to  jinolluT.  which  thcv  do  in  a  gap  at  right  angles  to  the  sandst<me 
rid^c;  hiMicc  th(»  short,  transverse  I'ourses  at  right  angles  to  the  lonp- 
tiidinal  ones. 

Wlicrc  the  rocks  which  appcMU*  at  tlu»  surface  are  of  the  same  texture 
and  solul)iHty  t)vcr  a  consich'rahic  area,  the  streams  find  no  belts  espe- 
cially adaptcMJ  to  the  dcvclopnicnt  of  vallevs;  neither  are  there  any 
iianl(M-  layers  peculiarly  conipcttMit  to  maintain  ridges:  and  in  engrav- 
ins:  the  has-rclicf  of  hills  and  ravin(\s,  ihc  streams  grow  ac^cording  to 
minor  accidents  of  the  surface,  as  gullies  grow  in  a  field. 

Specific  names  liave  Immmi  given  to  the  variims  patterns  which 
riviM"  systems  assume.  AVhen*  the  valleys  are  developed  on  beUs 
of  soft  rocks,  and  ridgc^s  are  maintamed  by  hard  rocks,  the  streams 
jwe  said  to  he  *' adjust (mI."  Trellised  drainage  is  adjusted.  Where 
the  branches  diverge  upstream  from  one  another  like  the  gidlies  in  a 
lield  or  the  branches  of  an  elm,  they  are  called  "self-grown,"  or 
"autogcMious."  Th(»  Monocacy  pn^sents  an  example  of  the  autog- 
enous pattern. 

We  hav(»  thus  far  considered  the  ])lan  of  the  Potonuic  system  as  it 
appears  on  a  nuip.  The  vertical  proiile  and  cross  section  also  present 
significant  peculiarities. 
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leal  river  profile  is  a  curve  which  descends  shaq)ly  near  the 
becomes  flatter  and  flialter,  and  at  the  mouth  is  a  straight 
njrcnt  to  the  level  of  discharge.  The  ideal  curve  is  concave 
[  from  source  to  mouth.  The  Potomac  departs  very  decidedly 
lis  ideal.  The  trunk  channel  from  Cumberland  to  Washington 
rupted  by  rapids,  which  separate  long  flat  reaches;  at  each 
he  profile  is  broken  by  a  sharp  bend,  which  is  convex  on  the 
liicU* — the  reverse  of  the  ideal.  Near  the  very  mouth  of  the 
Great  Falls,  over  which  the  waters  plunge  to  a  series  of  lesser 
that  descend  sharply  to  tide  water.  This  is  not  at  all  the 
tangent.  (Sc»e  profiles,  Pis.  V  and  VI,  p.  182.) 
tributaries  exhibit  profiles  possessing  similar  irregularities, 
is  particularly  noticeable  throughout  the  system  that  wher- 
smaller  stream  enters  a  larger  one  a  rapid  or  cascade  marks 
il  descent  of  the  smaller. 

ideal  cross  section  of  a  river  valley  is,  like  the  ideal  profile,  a 
vhich  is  ccyicave  upward  and  flattens  from  the  divide  to  the 
In  this  respect  also  the  Potomac  and  its  tributaries  depart 
\e  normal.  The  cross  sections  of  the  valleys  are  made  up  of 
lopes  and  flats,  which  constitute  an  irregidar  curve.  Descend- 
eply  from  a  divide,  the  traveler  comes  upon  a  flat  or  plain, 
may  extend  for  several  miles.  Although  the  surface  of  the 
IS  a  rule  deeply  cut  by  brooks,  the  journey  may  be  continued 
at  a  level  by  following  the  spurs  between  them.  But  wlier- 
■stream,  large  or  small,  is  approached,  it  is  necessary  to  descend 
'  into  a  trench.  Along  the  lower  Potomac,  below  Great  Falls, 
nch  is  a  picturesque  (^anytm  220  feet  deep.  The  flat  on  each 
it  is  an  outer  valley  several  miles  across.  Along  the  Shenan- 
niilar  features  are  found,  the  river  flowing  at  the  bottom  of  a 
while  the  broad  \y\an  of  the  great  valley  of  Virginia  stretches 
vith  nearly  level  though  dissected  surface  to  the  Blue  Bidge 
issanutten  Mountain. 

l>KVELOPMKXT  OY  THE  UIVKll  SYSTEM. 

igh  has  been  suggested  in  i\w  preceding  description  to  show 
le  Potomac  and  its  tributaries  are  regarded  as  an  individual 
system  which  has  developed  from  some  previous  condition 
present  proportions.  It  has  been  limited  in  growth  by  com- 
(i  with  neighboring  rivcMs.  Its  development  has  been  directed 
lines  of  least  r(*sistani(^  and  its  branches  have  extended  in 
f  weak  rocks.  It  has  sculptured  the  surface,  its  rills,  rivulets, 
,  creeks,  and  brancluvs  ev(M'v where  constantly  taking  some 
al  in  solution  or  as  sediment  and  delivering  it  to  the  trunk 
,  which  carried  it  away.  Tlie  f(»aiur(*s  which  the  river  has 
d   are  the  channel   or   inner  can  von   in   which  it  flows,   the 
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broaclor  valley  that  expands  at  a  higher  level,  and  the  steep  slopes 
of  the  ridges  that  rise  witliin  and  around  the  basin.  But  these  are 
the  features  of  the  entire  landscape,  except  perhaps  the  highest  parts 
of  the  ridges;  and  tliey,  too, owe  their  long  level  crests  to  the  aetiviiv 
of  the  river,  as  will  he  better  understood  when  the  historj'  is  traced. 

We  recognize  that  the  Potomac  has  been,  and  indeed  is,  a  workijig, 
growing  system.  Its  task  is  to  excavate  its  basin,  to  erode  vallevs 
and  mountains  till  no  elevations  remain.  Its  power  depends  on  iis 
volum<\  its  fall,  and  a  just  proportion  of  sand  with  which  to  cut 
away  the  hard  rocks  in  its  course. 

The  trunk  channel  being  deepened,  the  tributary'  channels  have 
also  been  cut  down,  but  not  so  speedily;  hence  the  rapids  near  their 
mouths.  The  deei)ening.  spreading  from  the  main  stream  to  lar^e 
braiurhes,  from  tin*  large  branches  to  their  forks,  and  from  each  fork 
to  the  smallest  rivulets,  has  extended  outward  over  the  entire  basin. 
It  proceeds  immediately  from  an  elevation  of  the  land.  Its  liiuit  is 
the  lowest  h^vel  to  wliicli  the  main  stream  can  cut  its  chamiel  at  its 
mouth — the  level  of  discharge,  from  which  when  tlie  work  of  chan- 
nel cutting  is  done  the  profile  will  rise  in  the  long  ideal  concave 
curve.  A  stream  that  has  reached  that  stage  is  sai<l  to  be  graded. 
It  is  evident  that  the  Potomac  has  much  work  to  do  before  it  can  bo 
called  a  graded  stream. 

Th(»  chamiel  of  the  nuiin  river  will  usually  become  grade<l  ])efore 
thos(»  of  its  tributaries,  aiul  the  next  step  is  the  grading  of  the  valley 
slopes.  Kacli  l)rook,  rivulet,  and  rill  goes  through  the  same  pnx'ess 
as  the  rnMiu  stream.  The  eflVct  is  reduction  of  the  .slopes  to  the 
inclination  on  which  the  witters  (low  but  do  not  cut.  As  the  grade 
extends  to  the  lii^lier  divides,  even  they  are  reduce<l,  and  in  time 
th(^  lowest  ])ossihle  slope  is  estal)hshe(l  over  the  entire  surface  of  a 
river  l)jisin. 

Anyone  familiar  with  the  mountains  among  which  the  Potomac 
llow<;  may  well  j)ause  to  ask  if  snch  a  h'vehng  of  their  heights  can 
ever  Ix*  accomplished:  l)nt  the  studtMit  of  the  river's  history  learns 
not  only  tliat  in  time  they  must  Ix*  leveled,  but  als<i  that  in  times 
[>a^t  the  river  has  had  the  work  then  before  it  much  more  nearly 
accomplished  than  now.  It  now  rinis  in  a  canyon  which  it  is  deepen- 
ing. It  onc(»  flowed  on  th(»  level  of  the  outer  valley,  which  it  had  cut 
to  that  level  and  widened  to  an  (»\tens!v(»  grade.  Indeed,  lon^' 
before  that  it  had  taken  its  coiu'se  over  a  plain  which  coincided  with 
the  tops  of  the  i)res<'nt  ridges  and  which  it  had  graded  from  still  older 
mountains. 

Th(»  history  of  the  riv(4*'s  work  has  ]>een  one  of  successive  gradings 
in  consecjuence  of  successive  elevations  of  the  land.  I^t  us  attempt 
to  follow  its  major  outlines. 

Age  is  a  subject  not  usually  discussed  with  reference  to  rivers  and 
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nountaiiis.  They  all  appear  very  old.  But  some  are  older  than 
>thers,  and  among  the  rivers  of  North  America  the  Potomac  and  its 
leighbors  are  of  an  older  generation.  The  Appalachian  Ranges,  on 
the  other  hand,  are  relatively  young;  and  so  it  happens  that  the 
Potomac  is  older  than  the  mountains  in  which  it  rises  and  across 
which  it  flows.  It  may,  however,  be  compared  to  a  tree  of  which  the 
trunk  is  aged,  while  the  branches  and  branchlets  are  younger,  some 
of  them  very  young.  The  careful  student  of  physiography  will 
some  day  search  out  the  history  of  the  system  as  a  whole  and  of  each 
branch  separately — a  complex  study,  for  which  the  data  are  not  yet 
available;  but  we  can  indicate  the  principal  facts  and,  where  our 
present  knowledge  halts,  point  out  the  problem  to  be  attacked. 

Before  there  was  a  Potomac,  in  the  age  of  the  coal  deposits  of 
the  Carboniferous,  streams  flowed  southwestward  from  New  York, 
eastern  Pennsylvania,  and  eastern  Virginia  toward  the  interior  sea 
that  lingered  over  the  Southwestern  States.  We  feel  confident  of 
this,  because  the  relative  positions  of  land  and  coal  marsh  and  sea 
are  recArded  in  the  rocks  laid  down  at  the  time,  but  we  can  not 
identify  the  position  of  any  particular  river.  There  were  then  no 
mountains  where  the  Appalachians  now  extend,  but  ranges  began 
to  develop  in  the  next  succeeding  epoch,  during  what  is  known  as 
the  Appalachian  revolution.  Very  great  changes  occurred  in  the 
relative  pasitions  of  land  and  water,  and  the  movement  of  the  earth's 
crust  was  such  that  a  belt  of  strata  100  miles  or  more  in  width,  extend- 
ing from  New  York  to  Alabama,  and  from  10,000  to  30,000  feet 
thick,  was  folded  so  as  to  produce  arches  and  troughs.  The  effects 
were  no  doubt  of  gradual  development,  but  in  all  probability  they 
were  such  that  the  arches  attained  the  height  of  notable  mountains, 
and  the  troughs  became  open  valleys  or  inclosed  basins.  The  pre- 
viously existing  streams  were  more  or  less  checked  and  diverted  by 
folding  of  the  strata,  and  we  suppose  that  they  were  so  effectually 
changed  that  a  new  river  system  was  substituted  for  them.  A  por- 
tion of  that  system  flowed  on  a  surface  above  the  Potomac  basin, 
and  the  Potomac  is  probably  descended  from  it. 

The  geologic  age  referred  to  in  the  last  paragraph  is  the  Permian, 
an  age  during  which  aridity  was  a  common,  if  not  a  general,  condition 
of  the  climate  of  several  continents.  It  is  possible  that  the  climate 
of  the  Appalachian  province  was  for  a  longer  or  shorter  epoch  so 
arid  that  rivers  ceased  to  flow,  but  there  is  no  direct  evidence  of  the 
condition. 

We  suppose  that  the  oldest  rivers,  which  developed  coiii*ses  on  the 
3urface  of  the  folded  strata,  flowed  along  the  troughs  and  across 
from  trough  to  trough,  between  and  across  the  arches  that  stood  as 
mountain  ridges.  The  courses  were  essentially  parallel  to  those  of 
the  trellised  system  of  the  present  time,  but  the  trunk  chamiel  may 
IRR  192—07 2 
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have  led  the  waters  westward  toward  the  interior  sea,  instead  of 
southeastward  to  the  Atlantic,  as  is  now  the  case.** 

The  surface  was  then  several  thousand  feet  Above  the  present  sur- 
face. Even  the  mountain  tops  which  we  now  see  were  tlien  deeply 
buried  beneath  solid  rock  and  lay  below  se^  level.  A  swelling  of  the 
earth's  crust  has  since  raised  the  mass  of  the  Appalachian  Mountains. 

Thus  the  earliest  rivers  with  which  the  Potomac  may  be  related  are. 
those  which  developed  in  consequence  of  the  folding  that  occurred  in 
the  Appalachian  region  during  the  Permian  age.  Their  courses  are 
supposed  to  have  been  determined  by  the  troughs  or  valleys  which 
resulted  from  folding,  and  they  are  therefore  called  "conseciuent." 

Consequent  streams  are  those  which  flow  in  the  direction  of  slope 
that  is  due  to  folding  or  warping  of  the  surface.  They  differ  from 
adjusted  streams  in  that  they  take  their  courses  along  a  low  line  or 
down  a  slope  instead  of  working  out  a  valley  in  soft  rocks.  But  in  a 
region  like  that  of  the  Potomac,  where  beds  of  hard  and  soft  rocfcs 
occur  in  long  parallel  folds,  a  consequent  system  becomes  an  adjusted 
system  at  an  early  stage  of  valley  cutting. 

The  folded  structure  of  the  Appalachian  Ranges  has  been  carefully 
studied,  and  we  are  able  to  locate  the  lines  which  were  the  bottoms 
of  troughs  in  the  Permian  surface.  Though  high  above  the  present 
surface,  the  deeper  troughs  closely  corresponded  in  position  ^ith 
Massanutten  Mountain,  .Great  North  Mountain,  and  South  Branch 
Mountain.  Rivers  which  occupied  them  flowed  parallel  to  the  present 
streams,  but  along  and  above  the  now  existing  mountain  tops.  The 
old  valleys  have  become  mountain  ridges.  This  change  is  of  frequent 
occurrence  in  the  process  of  adjustment,  as  streams  sink  their  chan- 
nels through  alternate  hard  and  soft  strata,'^  and  there  is  no  difficulty 
in  understanding  how  the  rivers  that  now  flow  by  the  sides  of  the 
former  troughs,  or  even  in  valleys  along  the  crests  of  arches  which 
correspond  with  former  mountains,  are  related  to  the  old  consequent 
system. 

Another  trough  which  should  be  mentioned  is  the  valley  of  Georges 
Creek  and  North  Fork  above  Bloomington.  It  is  one  of  the  deepest 
troughs  in  the  Potomac  basin,  and  we  need  not  doubt  that  it  was 
occupied  by  a  branch  of  the  consequent  drainage,  but  on  a  valley 
bottom  high  above  the  present  surface. 

Following  the  line  of  thought  suggested  in  the  preceding  para- 
gra})hs,  we  may  state  the  simplest  outline  of  the  history  of  the 
Potomac  in  the  following  way:  The  Potomac  is  the  descendant  of  a 
consequent  drainage  system  which  developed  on  the  Permian  surface 
during  or  after  the  Appalachian  folding.  Being  established  in  a 
region   which  presents  an   alternation   of  decidedly  hard   and   soft 

a  Davis,  W.  M..  Rivers  and  valleys  of  Pennsylvania:  Nat.  (Jeof;.  Ma^-.  vol.  1.  1889,  pp.  222  et  seq. 
6  WilllH.  Bailey,  Topography  and  structure  of  the  liays  Mountains;  School  of  Mines  Quarterly,  voLS, 
1887.  pp.  242-252. 
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<^ks  arranged  in  long,  narrow  belts,  the  streams  have  become 
I  justed  to  the  softer  strata.  In  sinking  their  channels  down 
iX'ough  several  thousand  feet  of  varying  rock  they  have  indeed 
Bcome  so  thoroughly  adjusted  that  stretches  beneath  the  old  valleys 
ave  become  mountain  ridges  capped  with  hard  sandstone,  and  val- 
Bys  are  developed  on  either  side,  in  places  even  along  the  tops  of 
Uxjhes. 

Granting  this  statement  the  advantage  of  being  probably  true,  we 
may  compare  it  with  one  that  we  are  descended  from  Adam.  Many 
links  are  omitted  and  much  is  unaccounted  for.  It  is  not  enough  to 
know  the  structure  of  a  river  basin  and  the  adjustment  of  the  river 
system  to  it.  We  need  to  know  also  the  profiles  and  cross  sections  of 
the  valleys  and  the  deposits  which  the  river  from  time  to  time  in  the 
50urse  of  its  long  existence  has  made  in  them,  as  well.  Furthermore, 
ive  need  to  look  over  the  mountain  tops  to  ascertain  what  renmants 
>f  old  surfaces  are  there  visible. 

To  pursue  the  subject  more  closely  it  is  necessary  to  digress  to  the 
listory  of  the  mountains  before  the  elevation  of  the  ranges  which  we 
low  see. 

The  Permian  Appalachians  are  known  to  have  been  greatly  de- 
rated in  the  process  of  folding.  It  is  possible  that  elevation  pro- 
gressed so  slowly  that  erosion  nearly  kept  pace  with  it  in  wearing 
lown  the  heights,  and  if  so,  the  mountains  never  attained  great  alti- 
ude;  but  it  is  more  likely  that  the  elevation  went  on  with  compara- 
tive rapidity  and  was  attended  by  the  development  of  conspicuous 
leights.  This  inference  rests,  however,  on  geologic  reasoning. 
There  are  no  great  mountains  to  which  one,  looking  abroad  over  the 
Appalachian  Ranges,  can  point  as  Permian  mountains.  On  the  con- 
trary, he  who  looks  across  from  Massanutten  to  Great  North  and 
rom  Great  North  to  the  Allegheny  Front  sees  long,  even-crested 
•idges,  which  suggest  a  plain.  If  the  valleys  were  filled  to  the  rim 
vith  the  material  which  the  streams  have  carried  away,  the  region 
vould  become  a  plain;  and  above  such  a  surface  stood  the  mountains 
>f  Permian  time.     They  are  no  longer  there. 

In  the  lowlands  of  New  Jersey,  eastern  Pennsylvania,  Maryland, 
md  Virginia  there  are  deposits  of  red  sandstone  and  mud  rock,  the 
iiaterials  of  which  were  derived  from  adjacent  areas,  in  large  part 
Toni  the  district  of  the  Permian  mountains.  The  strata  are  Triassic, 
;lightly  more  recent  than  the  Permian,  and  are  of  such  volume  that 
f  restored  en  masse  to  the  place  of  their  origin  they  would  form  a  con- 
jiderable  mountain  chain.  They  no  doubt  represent  a  part  of  the 
Permian  mountains  which  wasted  away  under  attacks  of  eroding 
igents. 

It  is  a  somewhat  surprising  conclusion  that  the  Permian  Appa- 
achiau  Mountains  not  only  wasted  to  low  hills,  but  disappeared  so     . 
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coinpletoly  that  a  ])Iain  extondod  from  sea  level  across  luuch  of  the 
roti:i<)ii  where  they  previously  stood;  yet  that  such  was  the  fact  w 
are  led  to  believe  by  two  lines  of  reasoning.  Spread  over  the  Atlantic 
Coastal  Plain  are  deposits  of  gravel,  sand,  and  clay  washed  from  the 
region  to  the  west  during  the  epochs  succeeding  that  of  the  strati 
which  represent  part  of  the  waste  of  the  Pemiian  Appalachiaii& 
(leologists  class  the  epoclis  as  Jurassic  and  Cretaceous.  The  deposits 
are  small  in  amount,  and  if  restored  to  the  watersheds  of  the  streams 
which  carried  them  away  would  not  materially  increase  the  altitude 
of  the  surface*.  As  there  is  no  mass  of  sediments  of  that  time  equiv- 
aient  to  a  mountain  range  in  volume,  we  reason  that  there  was  no 
range.  Tlie  only  escape  from  the  conclusion  is  through  the  assump- 
tion that  thicker  deposits  lie  buried  out  to  sea;  but  well  borings  show 
that  the  strata  whicli  do  exist  there  are  of  fine  calcareous  material 
chiefly  marine  sediment,  which  does  not  represent  the  inmiediate 
waste  of  mountains. 

In  corroboration,  if  \vv  look  over  the  Ap])alachian  llanges  for  rem- 
nants of  highlands  which  may  have  existed  during  Jurassic  and 
Cretaceous  times,  we  iind  them  of  slight  extent.  The  principal  sum- 
mits of  the  Blue  Ridge,  scattered  heights  of  the  Allegheny  Plateaus, 
and  the  big  balds  of  the  Great  Smoky  Mountains  were  then  low, 
roniuled  hills."  They  still  posst^ss  that  form.  Extending  from  them 
at  a  lower  level  are  the  long,  even  crests  of  the  Appalachian  Ranges. 
which,  if  the  valleys  between  them  were  filled,  would  correspond  with 
the  surface  of  a  i)lain.  Once  nearly  level,  this  plain  is  so  no  lon^r. 
In  West  Virginia  it  lies  at  an  altitude  of  4,000  feet  above  the  present 
sea  level,  but  west  of  Washington  it  sinks  to  1,000  feet,  and  near  the 
city  passes  under  the  surface,  being  buried  by  the  gravels  and  clays 
of  the  so-called  Potomac  formation,  which  is  at  the  base  of  the  Juras- 
sic and  ('rctac(M)us  sediments  above  referred  to.  The  topographic 
fcatunv-j  of  the  time  are  thus  distinguished  fnmi  those  of  lat^r  epochs 
by  tlic  fact  that  in  \\\v  existing  mountains  they  possess  j)eculiar 
roundness  and  ilatness  and  occur  at  high  altitudes,  whereas  ahmg  the 
Coastal  Plain  the  representative  surface  i)asses  beneath  the  strata  of 
later  age. 

The  recognition  of  llie  ancient  i)lain  which  characterized  the  eastern 
Tnited  States  and  also  ('anada  during  the  Jura.ssic  and  Cretaceous 
ages  was  a  most  important  sU^yt  in  the  understanding  of  the  history 
of  the  mountains  and  rivers.  From  its  conspicuous  character  in  the 
crest  of  Schooley  Mountain.  New  Jersey,  it  has  been  named  the 
Schooley  peneplain.'' 

"  Ilayos.  C.  W,,  an<i  CHmplwll.  M.  K.,  Oooniorphology  of  the  .southern  Appalachians:  Nat.  Ooc^.  Mag.. 
vi)i.  r,.  Vs^n.  jjp.  m-i26,  PI.  V. 

''  l"('iii'j»laiii  is  a  tcchnieul  t<*rm  mcanlnp  almost  plain.  It  is  uschI  t<»  avoid  the  siigf^stion  of  a  jmt- 
U'i'tly  plain  surface.  It  !.•»  consistently  applle<l  to  a  rejrion  of  wide  vall^'ys  among  low  hlll.s.  or  t«>  a 
Iviir  i>lain.  thr  degree  of  unevennes.s  l)eing  indeterminate;  Imt  it  carrie.s  hy  dennition  the  implication 
that  the  surface  has  been  plane'!  by  the  ordinary  pnxH^sses  ul  atmospheric  erosion. 
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We  may  now  return  to  the  Potomac,  to  discover,  if  possible,  its 
course  on  the  Schooley  peneplain  and  to  trace  its  further  develop- 
ment. 

It  has  already  been  stated  that  the  consequent  drainage  of  the 
Permian  Appalachians  probably  joined  in  a  trunk  channel  and  flowed 
to  the  southwest.  The  Potomac  above  Harpers  Ferry  could  not 
then  have  existed,  except  perhaps  as  a  stream  rising  in  the  Blue  Ridge 
and  pursuing  a  com-se  toward  Cumberland.  The  Shenandoah,  South 
Branch,  and  other  large  tributaries,  which  are  now  adjusted  to  the 
valleys  in  limestone  and  shale,  were  then  represented  by  streams 
flowing  along  the  troughs  produced  by  folding.  By  the  time  the 
Permian  Appalachians  had  wasted  to  a  peneplain  still  having  pro- 
nounced relief  the  adjustment  of  the  branches  was  accomplished  and 
they  were  probably  established  along  the  lines  of  their  present  valleys, 
but  near  the  level  of  the  now  existing  sandstone  ridges.  The  trunk 
channel  may  still  have  descended  westward.  East  of  the  Blue  Ridge 
there  were  rivers  that  carried  iJpwn  sediment  to  the  Coastal  Plain  and 
spread  it  there.  Part  of  it  constitutes  the  base  of  the  Potomac  forma- 
tion, and  consists  of  coarse  pebbles  and  bowlders  of  quartz  and 
quartzite  derived  from  ledges  in  the  Blue  Ridge.  It  was  distributed 
by  streams  meandering  over  the  eroded  surface  of  the  ancient  gneisses, 
with  the  sands  of  which  the  cobbles  are  mingled.  A  river  corre- 
sponding with  the  Potomac  below  Harpers  Ferry  probably  had  a  more 
or  less  important  share  in  this  work,  which  was  accomplished  during 
the  later  part  .of  the  Jurassic  age.  It  is  possible  that  the  river  even 
then  rose  west  of  the  Blue  Ridge. 

When  the  Schooley  peneplain  had  been  eroded  to  very  low  relief, 
conditions  were  favorable  for  extension  of  drainage  lines  on  the  part 
of  strong  streams  at  the  expense  of  weaker  ones.  The  processes  by 
which  such  extension  is  accomplished  are  complex  and  subject  to 
many  qualifying  conditions.  They  can  not  be  detailed  here,  but  in 
general  there  are  three  principal  factors  which  affect  the  result. 

A  river  of  large  volume  is  commonly  stronger  than  one  of  less  vol- 
ume. One  which  has  rapid  fall — that  is,  one  which  takes  a  short 
course  to  a  low  point  of  discharge — is  advantageously  situated. 
Finally,  one  which  is  developing  a  channel  in  soft  rocks  is  likely  to 
reach  a  low  level  sooner  than  one  which  is  working  in  hard  rocks,  and 
may  thus  develop  a  steep  fall  near  its  head,  which  gives  it  a  local 
advantage. 

In  attempting  to  understand  how  the  consequent  drainage  that 
initially  flowed  westward  became  reversed,  so  that  the  i)resent  direc- 
tion of  flow  was  established,  we  find  that  the  item  of  relatively  short 
course  and  steeper  fall  appears  to  have  been  the  detenninin<^  factor. 
Whether  the  divide  he  assumed  at  the  Blue  Ridge  or  at  any  other 
point  within  the  Potomac  hasin,  the  course  to  tide  level  near  Wat^h- 
ington  is  much  shorter  than  that  toward  the  southwest,  in  w^ieh 
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direction  there  was  then,  so  far  as  we  know,  no  sea  nearer  than  \h 
Gulf  of  Mexico,  if  as  near.  The  eastern  course,  bein^  shorter,  was 
steep<»r,  and  streams  pursuing  it  attacked  the  divide  between  them- 
selves and  western  rivers  more  vigorously  than  the  latter  did.  The 
rocks  of  the  Blue  Ridge  are  hard  and  no  doubt  formed  a  height  which 
hnig  resisted  tlie  work  of  the  gnai^ing  brooks  that  ran  down  its 
eastern  sh)i>e;  but  inasmuch  as  it  was  leveled  to  a  low  ridge  by  the 
very  slow  process  of  general  denudation,  it  must  have  jnelded  sooner 
to  the  more  effective  abrading  action  of  running  wat^r  and  sand. 

At  some*  time,  probably  early  in  the  development  of  the  Schooiev 
jMMK^plain,  the  Blue  Ri<lge  was  thus  cut  through  from  the  east.  This 
nsult  follows  directly  from  its  geographic  position  in  relation  to  tide 
>vat<»r,  but  it  may  have  l>een  accelerated  by  elevation  of  the  western 
or  (l(»pression  of  the  eastern  rt»gion  in  such  a  way  as  to  increase  the 
n(lvaiitft«rc  of  the  eastward  course.  Davis,  who  first  recognized  the 
r(»vc»rsal/'  su^^^ests  tliat  it  occurred  when  the  basin  in  wliich  the 
Triassic  sediments  from  the  Permian  Appalachians  were  deposits! 
was  developiMl,  in  which  case  the  present  course  of  the  Potomac  has 
b(»en  established  since  Triassic  time  inst<?ad  of  only  since  late  Jurassic 
or  <»arly  Cretac(»ous. 

The  Pot  (mine  at  IIari>ers  Ferry  was  not  the  only  stream  which 
su(('(m»(1(m1  in  crossing  the  ridge.  Each  of  the  several  gaps  that  notch 
the  IMiie  Ridge,  as,  for  example.  Snickers  Gap  at  the  head  of  Gtmse 
Creek,  though  a  wind  gap  now,  was  a  water  gap  then,  and  was  chtu- 
])ied  l)y  iho  successful  stream.  The  Blue  Ridge  being  cut  through. 
\\w  east  (Mil  waters  were  divided  only  i)y  limestone  from  the  rivers 
which  drained  the  (rreat  Valley,  and  having  gained  ground  in  the 
contest  for  the  main  divide,  they  were  able  to  continue  doing  so;  Inil 
as  the  hard  rocks  of  th(»  Blue  Jtidge  lay  across  their  upper  cours(»s 
their  ])rogn»ss  Ix'vond  was  j)robal)ly  slow  at  first,  until  they  had  cut 
the  <raps  below  th(»  general  level  of  the  j>eneplani  on  the  limestone. 
That  ihev  should  eventually  <»xpand  in  the  Great  Valley  and  capture 
t  he  st  reams  which  st  ill  formed  the*  headwaters  of  the  westward-llowinir 
main  river  was  an  inevitable  result  of  their  shorter  course  to  the  son. 
The  dev(»lopnient  of  several  systems,  among  which  the  basin  of  the 
present  Potomac  was  divided,  was  a  natural  result. 

The  ])receding  exi)lanation  of  the  growth  of  the  Potomac  across  the 
Blue  Ridge  and  beyond  to  the  Alh»gheny  Front  is  based  on  a  well- 
known  action  by  which  streams  grow  at  their  heads  as  a  tree  grows  at 
the  tij)s  of  twigs.  It  is  technically  known  as  "lieadw"at<»r"  erosion  or 
**  retrogn»ssive"  erosion. 

A  som(»what  different  account  of  the  development  of  the  Potomac 
may  b(»  based  on  what  is  known  as  a  *' superimposed  "  course.  If  it  be 
assuuK'd  that  the  Schooleypenei)lain  was  covenul  with  alluvium  to  a 


u  Dnvi.N.  W.  M.,  HivJTM  iiiul  VHlU»y»  of  roniisyivaiMJi:  Nat.  G»M>g.  Mji^.,  vol.  I.  ISSU  p.  229. 
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Sufficient  depth  to  bury  the  lowest  parts  of  sandstone  ridges,  then  tt  is 
probable  that  streams  would  become  estabUshed  across  the  ridges  as 
well  as  between  them.  Transverse  channels  would  develop  rapidly 
if  the  plain  were  so  warped  as  to  increase  the  declivity  toward  the  east. 
In  the  progress  of  warping  the  deepening  channel  would  be  cut  down  to 
hard  rocks,  but  the  river  would  then  be  intrenched  and  could  not 
depart  from  its  established  course  across  the  grain.  This  process 
implies  very  uniform  planation  of  the  surface,  and  might  have  led  to 
a  less  direct  course  than  that  which  the  Potomac  has;  but  it  may 
have  played  some  part  in  the  river's  early  history,  as  it  probably  did 
in  some  later  episodes." 

Leaving  the  problem  of  the  exact  manner  of  development  to  the 
careful  investigation  which  it  merits,  we  may  consider  the  course  of 
the  Potomac  from  Cumberland  to  Harpers  Ferry  as  having  been  estab- 
lished on  the  Schooley  peneplain.  The  trunk  channel  was  then  fed  by 
tributaries  which  entered  it  as  the  principal  branches  now  do,  and  the 
system  was  one  which  may  fairly  be  called  the  ^'Potomac.''  It  did 
not,  however,  have  the  expansion  of  watershed  which  it  now  has,  but 
was  probably  much  more  restricted  toward  the  south,  the  Shenan- 
doah, South  Branch,  and  others  on  that  side  being  at  the  tune  com- 
paratively short.  The  northern  branches,  on  the  other  hand,  may 
have  been  longer. 

In  the  preceding  discussion  one  important  fact  has  been  tacitly 
passed  over — the  altitude  of  the  Schooley  peneplain  at  the  time  of  its 
development  with  reference  to  sea  level.  The  evenness  of  the  plain 
is  attributed  to  planation  by  streams,  which  are  able  to  produce  such 
a  surface  only  when  they  have  cut  their  channels  doivn  to  the  lowest 
possible  grade — that  is,  to  a  slope  which  is  tangent  with  the  sea  level 
or  with  some  other  fixed  level  of  discharge.  A  barrier  of  hard  rock, 
a  dam,  for  instance,  may  for  a  time  constitute  a  local  level  of  this  sort. 
The  Schooley  peneplain  is  so  extensive  that  no  local  level  can  have 
sufficed  to  fix  it.  Sea  level  alone  could  determine  the  grade  conmion 
to  many  streams  draining  thousands  of  square  miles.  We  reason 
accordingly,  from  the  laws  of  river  action  and  the  extent  of  the  pene- 
plain, that  the  surface  of  the  land  rose  gradually  from  sea  level  to  a 
very  moderate  altitude  only.  This  was  in  the  Jurassic  and  Creta- 
ceous periods. 

At  the  present  time  the  Schooley  peneplain  in  West  Virginia  lies  at 
an  altitude  of  4,000  feet  and  its  surface  has  the  form  of  a  very  broad, 
somewhat  uneven  dome,  sloping  from  the  greatest  height  in  that 
region  to  a  position  below  the  Coastal  Plain  on  the  ea.st  and  to  one 
nearly  as  low  in  the  Mississippi  Valley  on  the  west.     It  is  a  warpcnl 

a  Willis.  Bailey.  The  northern    ApiMjbiehi'nis:  Physio^i^raphy  of  the   rnite<i  St^jtes:   National  (Jeo- 
graphic  Monopraphs,  vol.  1,  No.  G,  18%,  p.  lUO. 
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surface,  raised  on  a  gentle  swelling  of  the  underlying  rocky  crust  from 
the  low  grade  at  which  it  was  developed  to  its  present  form.     The 
consequences  of  elevation  where  streams  flow  upon  swelling  surfaces 
are  increased  velocity  of  flow  and  deeper  cutting  of  the  channels. 
Large  rivers  may  do  so  nearly  or  quite  as  rapidly  as  the  mass  beneath 
them  rises,  and  may  thus  maintain  a  relatively  low  grade  at  the  bot- 
tom of  a  canyon;  but  smaller  streams  do  not  keep  pace  and  acquiro 
steep  profiles.     At  their  headwaters  the  branches  tend  to  grow  as 
their  channels   deepen;   competition  is  renewed  between  opponent 
brooks  across  a  divide ;  and  if  the  changed  conditions  favor  one  more 
than  another  the  favored  one  grows  accordingly.     Furthermore,  rivers 
flowing  across  rock  masses  which  consist  of  alternate  hard  and  soft 
layers  sooner  or  later  cut  down  to  a  change  of  rock,  from  soft  to  hard, 
or  vice  versa,  and  thus  become  favored  or  retarded  in  the  process  (if 
deepening  their  channels.     The  advantages  thus  gained  or  lost  lead 
to  readjustments  of  watersheds — a  kind  of  natural  gerrymander,  to 
borrow  a  political  phrase — and  to  the  diversion  of  streams  from  one 
course  to  another  by  the  process  known  as  stream  capture. 

The  growth  which  the  Potomac  and  its  tributaries  had  in  conse- 
quence of  the  doming  of  the  Schooley  peneplain  resulted  in  the  exist- 
ing arrangement,  which  probably  differs  notably  from  that  of  the 
older  river.  The  detailed  changes  within  the  Potomac  basin  escape 
our  ])resont  knowledge,  but  thoy  may  be  more  or  less  closely  traced 
by  study  of  the  wind  gaps,  which  represent  abandoned  channels,  and 
by  investigation  of  the  relations  which  streams  had  to  the  imderly- 
ing  rocks  (hiring  the  process  ()f  sinking  their  valleys  from  the  level  of 
the  mountain  tops  to  their  present  position. 

One  fact  is,  however,  so  striking  that  it  stands  out  clearly— the 
great  Ic^ngth  of  the  southern  tributaries  of  the  Potomac  as  compared 
witli  th(*  opponent  streams  that  flow  to  the  James.  The  headwaters 
(^f  the  Shenandoah,  for  example,  in  Augusta  County,  120  miles  from 
tlie  Potomac  at  Harpers  Ferry,  are  l)ut  25  miles  frimi  the  James  at 
Balcony  P^'alls.  A  suflicient  reason  is  found  in  the  fact  that  the 
waiped  sni-fai  e  of  the  Schooley  peneplain  slopes  toward  the  Potonuu*. 
It  is  high(\st  above  the  region  where  the  divide  extends  between  the 
SluMiandoah  and  South  River  (the  opposing  tributary  of  the  James),*' 
and  the  long  course  of  the  Shenandoah  corresponds  with  the  long 
slo})e  of  the  old  surface*.  The  inference  is  that  the  Shenandoah  grew 
to  its  ])r(»s(Mit  dimensions  because,  when  it  was  a  much  smaller  river, 
its  fall  was  increased  by  the  northward  tilting  of  the  surface.  Ilavinjr 
a  low  j)oint  of  discharge  it  extended  its  basin  by  headwater  erosion, 
capturing  in  succession  the  heads  of  those  streams  which  rose  in  the 
(ircat  Valley  and   flowed  eastward   across  the   Blue  Ridge.     TluMr 

"naye>..  ('.  W,    :nul  (\implM«ll,  M.  K.,  (•»'<>ni<>ri>li(>U)gy  of  t ln' southern  Appulitchiuiis;  Nut.  Cin>|.'. 
Maj:.,  vol.  G,  isul,  I'l.  V. 
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abandoned  gaps,  such  as  Snickers  Gap,  remain  as  evidence  of  their 
former  existence.  In  the  course  of  its  conquests  the  Shenandoah 
became  opposed  by  the  tributaries  of  the  James,  but  it  continued  to 
push  the  divide  southward  until  an  equilibrium  was  established 
between  the  opponents  across  the  area  where  the  Schooley  peneplain 
was  most  elevated. 

The  northern  tributaries  of  the  Potomac  are  short  as  compared 
with  the  southern  branches  of  the  Susquehanna  opposed  to  them. 
They  were  at  a  disadvantage,  as  their  fall  southward  was  lessened  by 
the  rise  of  the  northward  slope  of  the  peneplain,  and  they  lost  ground 
to  the  Susquehanna,  as  the  James  did  to  the  Potomac. 

The  doming  of  the  Schooley  peneplain  has  been  a  gradual  process, 
involving  in  the  Virginias  a  maximum  change  of  level  of  about  3,500 
feet.  As  the  uplift  progressed  the  Potomac  developed  a  canyon 
which  in  due  process  widened  to  a  valley.  Had  the  uplift  been  accom- 
plished and  ceased  long  ago,  the  valleys  would  be  very  wide,  espe- 
cially along  the  master  stream,  and  much  of  the  region  would  be 
eroded  to  grade.  Had  the  upward  movement  been  continuous,  the 
river  would  exhibit  a  simple  profile  and  the  valleys  simple  cross  sec- 
tions, generally  concave  upward  and  broken  only  by  hard  beds  ^f 
rock,  which  would  project  above  the  average  slope.  Neither  of  these 
cas4's  corresponds  with  the  facts.  There  are  wide  valleys,  but  within 
them  are  narrow  canyons.  The  greater  width  was  developed  when 
the  stream  had  worked  down  to  grade  during  a  pause  in  the  elevation; 
the  narrower  channel  was  simk  when  the  activity  of  the  river  was 
renewed  by  renewed  uplift.  Thus  it  is  apparent  that  warping  has 
been  an  intermittent  process. 

At  every  stage  of  sculpture  through  which  the  surface  passed,  the 
Potomac  and  other  streams  bore  to  their  lower  courses  the  sediment 
taken  from  upper  districts  and  spread  it  upon  the  Coastal  Plain  or 
delivered  it  to  tidal  waters  in  estuaries  or  the  open  sea.  The  volume 
of  sediment  and  its  character,  whether  coarse  or  line,*  varied  with  the 
rate  of  uplift.  The  strata  are  thus  a  record  of  the  river's  work  and 
indirectly  of  the  height  of  land.  Something  may  be  inferred  from 
them  regarding  the  rate  of  warping.  There  is,  however,  another 
factor  which  complicates  the  problem — variation  of  climate,  accord- 
ing to  which  the  river's  volume,  and  consequently  its  ability  to  carry 
sediment,  changed  from  time  to  time.  Though  probably  subordinate 
to  uplift,  it  is  not  negligible.  Bearing  in  mind  that  there  are  two 
factors  which  have  determined  the  river's  action,  the  careful  student 
may  investigate  the  sediments  on  the  one  hand  and  the  valley  profiles 
on  the  other  and  work  out  a  more  detailed  history  than  we  now 
j)ossess.  At  present  we  are  not  able  to  descnlx*  the  successive  stages 
accurately,  but  certain   marked  ones  stand  out  clearly  with  such 
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d(»ci(lo(l  cliaracter  that  wo  can  with  confident  attribiit^^  them  to  the 
more  effective*  of  the  two  variable  factors,  the  progress  of  uplift. 

The  wide  vaHey  of  the  Shenandoah  marks  the  earliest  pause  in  exca- 
vation of  which  there  is  record  in  the  sculptured  surface.  No  gen- 
eral view  of  it  can  he  had  from  the  river,  wliich,  near  its  mouth,  in 
consequence  of  later  cutting,  nms  350  feet  below  the  valley  level,  but 
it  may  be  inspected  from  any  of  the  numerous  low  shale  hills  that 
diversify  the  former  valley  plain.  It  is  not  difficult,  when  ItMiking 
<l()wn  on  the  river's  turl)id  flood,  to  realize  that  it  has  sunk  its  chan- 
nel among  the  hills.  It  is  but  another  step  to  recognize  that  if  we 
could  restore*  what  the  riv(*r  and  its  branches  have  carried  away  the 
hills  wouhl  be  joined  tog(*thc*r  l>y  the  fills  and  the  whole  wide  valley 
would  j)resent  a  j)lain.  That  it  once  did  have  such  a  plain  surface, 
which  was  worked  out  to  the  grade  of  the  river,  is  not  questioned,  and 
the  laws  of  riv(T  action  lead  directly  to  the  conclusion  that  the  level 
of  discharg(»  which  the  river  then  had  was  the  level  of  the  plain  near 
its  mouth. 

From  its  characteristic  development  in  the  Shenandoah  Valley  the 
valley  plain  has  come  to  Ix*  known  as  the  Shenandoah.  It  is  not,  how- 
ev(*r,  a  local  feature,  but  a  sui-face  which  is  present  throughout  the 
Appalachian  Mountains  wh(*r(*ver  the  rocks  are  soft  shale  or  the  €*ven 
less  resistant  limestone. 

As  the  Shenandoah  plain  is  thus  a  general  fact  of  sculpture. to  a 
gn*ater  or  less  (*xtent  worked  out  by  all  the  rivers  of  the  region,  its 
grade  coul*!  hav(*  bec^n  deter  mined  only  by  a  common  level  of  dis- 
charge*- sea  level  and  a  ])lain  of  such  wide  development  as  it  exhibits 
could  not  hav(*  been  snilpturtMl  while  the  level  of  discharge  was 
changing  in  course  of  u[)lift.  but  only  during  a  ])rolonged  interval  of 
constant  level.  We  divide*  the*  uplift  and  erosion  of  the  mountains 
acrordingly  into  an  earlier  cycle,  during  w  hicli  valleys  were  sunk  1.000 
to  2, ()()()  feet  below  the  Schooley  ])en(*|)lain  in  the  Potonmc  region  ami 
the  Sh(*nan(loah  j)lain  was  eroded  over  all  the  areas  of  softer  rocks, 
and  the*  later  cycles,  during  wln'ch  the  lower  features  of  the  valleys 
have*  been  cut. 

During  the  earli(*r  or  Shenandoah  cycle*  tlie  Potomac  and  its 
southern  branches  grew  very  nearly  or  (jiii.e  to  their  present  lengths: 
the  north(»rn  branches  (liminislu*d  as  they  gave  ground  to  the  Sus- 
quehamia:  and  thus  the  conip(*ling  streams  established  the  water- 
sheds that  now  exist.  North  Branch  of  the  ]^)tomac  held  a  ven 
advantag(*ous  position  in  oj)j)osition  to  tlu*  western  streams  on  the 
plateau,  as  ii  reached  a  relatively  low  levt^l  on  soft  rocks  in  a  nmch 
shorter  distance  than  they.  It  was  t]i(*refore  :il)le  to  extend  siieh 
branches  as  Savage  River  and  ('rablret*  into  their  t(*rritorA',  and  it  is 
still  doing  so. 
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The  Shenandoah  plain  (recently  rechristened  the  Harrishurg  pene- 
in«)  no  longer  exists  as  a  continuous  surface.  Cut  by  the  larger 
ers  and  their  branches,  even  out  to  the  smallest,  it  is  represented 
y  by  hilltops  that  approach  its  level.  Its  altitude  near  Harpers 
rrj^  is  about  600  feet  above  the  sea;  about  the  headwaters  of  the 
3nandoah  it  is  1,200  feet.  Between  it  and  the  channel  of  the 
er,  200  to  350  feet  below,  are  sculptured  the  terraces  and  slopes 
later  development.  Among  these  is  a  lower  valley  level,  about 
)  feet  below  the  Shenandoah  plain,  which  apparently  corresponds 
a  surface  that  extends  about  Somerville,  N.  J.,  and  is  known  as 
5  Somerville  peneplain.  ^  It  is  eroded  on  the  limestones  or  ver}' 
t  Triassic  sandstones  and  represents  a  shorter  pause  in  the  progress 
uplift  than  did  the  Shenandoah. 

The  Shenandoah  and  Somerville  plains  are  not  everywhere  dis- 
guishable  one  from  the  other,  being  represented  in  some  places  by 
B  extensive  surface.  Toward  the  close  of  their  development,  in 
3  epoch  known  to  geologists  as  the  late  Tertiary  or  Pliocene,  they 
3ame  covered  by  a  widespread  deposit  of  gravel  and  loam,  wiiich 
called  the  Lafayette  fonnation. 

The  Lafayette  covers  the  outer  slopes  from  the  Appalachian  Moun- 
ns  toward  the  Atlantic  and  Gulf  coasts  and  the  Mississippi  Valley 
th  an  almost  continuous  mantle.  It  is  represented  in  tho.dis- 
cts  of  the  Appalachian  Ranges  and  Allegheny  Plateaus  by  deposits 
gravel  that  now  cap  terraces  and  hills.  It  is  composed  tlu^ough- 
t  of  alluvial  material,  carried,  sorted,  and  deposited  by  streams  in 
3  first  instance  and  to  some  extent  rearranged  by  marine  waters 
out  the  mai^ins.  What  part  is  fluviatile  and  what  part  marine  is 
be  determined  only  by  further  studies;  but  it  is  probable  that  the 
tivity  of  rivers  in  spreading  the  material  has  been  underestimated 
d  that  the  degree  of  marine  submergence  has  been  correspondingly 
erestimated.  The  Potomac,  like  other  rivers  of  the  Lafayette 
och,  flowed  in  a  wide  alluvial  plain,  which  coalesced  with  those 
adjacent  rivers  in  the  lower  courses. 

The  epoch  of  low,  level,  and  wide-spreading  plams  was  followed  by 
e  during  which  the  land  was  again  elevated  and  the  rivers  incised 
p  channels  they  had  assumed.  It  is  probable  that  the  elevation 
IS  not  constant,  especially  in  the  outer  Coastal  Plain,  for  there  is 
idence  that  the  lower  valleys  were  at  times  submerged  after  having 
>en  eroded.*^  Other  influences  were,  however,  almost  if  not  quite 
important.     It  was  the  time  called  Pleistocene,  the  time  of  the 

•Camplmll.  M.  R.,  Geographic  d  vrloi)nuiit  (f  north  rii   IN'nnsylvMiiia  aiul  soiithcrii  Ni-w   ^'ork: 

111.  Geol.  S'x;.  Aniorica.  vol.  14,  lW»;t.  pi>.  JTT-'.Ufi. 

'Davis,  W.  M.,  and  Wood,  J.  W.,  jr.,  (J»v>j^iiphic  dov<«lopmptit   oi   iiorlhrrii  N«'\v  .lersi-y:    Pr^K*. 

•ton  Soc.  Nat.  Hist.,  vol.  24.  ISIH),  pp.  :m  :m. 

^OMten.  N.  H.,  Washington  folio:  (;oologi(r  atlas  V.  S.,  folio  70,  T-  S.  Co^o\.  Siirv«y,  IWl. 


22  THE   POTOMAC   RIVER   BASIN. 

^lat'ial  and  interpclacial  opoclis,  when  the  climate  varied  from  tem- 
perate to  semiarctic  and  back  to  temperate  again;  the  rivers  changed 
their  activities  acc^)rdingly  and  alternately  cut  their  channels  or  par- 
tially filled  them.  The  minor  gorges  that  characterize  all  the  valleys, 
the  cascadevS  that  beautify  the  rivers,  and  the  wide  rocky  shallows 
that  arc  peculiar  features  in  streams  so  large  as  the  Potomac  and  Sus- 
quehanna resulted  from  these  activities,  as  did  also  the  later  gravel 
and  sill  deposits  constituting  the  Columbia  formation,  which  are 
(vxtonsively  spread  uptm  terraces  along  the  Potomac,  especially  in  the 
vicinity  of  Washington. 

As  we  approach  the  present,  the  seeming  importanci^  of  details 
increases.  The  deposition  of  the  Columbia  formation,  for  example, 
*  marks  an  episode  which  seems  to  compare  with  the  erosion  of  the  old 
IVrniian  mountains,  though  it  is  indeini  a  relatively  iiisigniiicant  fact. 
But  every  detail  of  the  river's  course  or  profile  or  deposits  is  signiiicani 
of  sonic  past  circuinstance,  if  we  can  but  understand. 

Old  as  the  Potomac  is  and  varied  as  have  been  the  activities  affect- 
ing its  development,  a  new  agent  has  appeared  in  its  wat^^rshed  within 
the  last  three  hundred  years  and  is  acting  as  the  chill  climate  of  the 
ice  age  acted  to  denude  the  surface  and  load  the  river  with  sediment. 
Throughout  the  Tertiary  age,  when  the  Schooley  peneplain  w^as  cut 
away,  when  the  Shenandoah  plain  wtis  graded,  and  when  the  inner 
canyons  were  sculptured,  the  region  constantly  bore  a  luxuriaiit 
deciduous  forest,  in  which  the  tulip  tree  and  the  magnolia  appeare<i 
at  lui  early  diWo  and  the  more  modern  oaks  and  maples  and  many 
others  found  j)lace  later.  With  the  advent  of  the  ice  age  the  climate 
(•ha]i»:(Ml  from  se]nitroj)ic  to  temperate,  and  then  to  that  of  the  Bar- 
ren (Irounds  of  the  P^ir  North  to-day.  Vegetation  died;  the  surface 
was  bared;  rain  or  waters  from  meriting  snow  swept  away  the  fro^t- 
looscued  (Nirth:  winds  carried  the  dust  in  (tidying  clouds;  the  rivers 
were  surcharged  with  sediment,  and  the  Columbia  deposius  resulted. 
Tlu^  new  agent  in  his  own  j)eculiar  way  is  pn»paring  another  such 
deposit.  Ih^  has  bared  the  surface  almost  as  efTcvtually  as  did  the 
blasts  of  \\w  ice  age,  but  wilh  an  ax  only,  and  he  is  causing  a  new 
record  to  be  made  in  tin*  hills  that  are  scohmI  with  gidlie^  and  in  the 
lowlands  that  are  buried  IxMieath  depo.-si^s  of  grav(»l  and  mud. 

The  Potomac's  long  history  has  been  inlhuMiced  by  great  forces — 
the  internal  energy  of  the  earth,  that  has  shaj)e(l  the  surface  on  which 
the  river  grew;  the  attraction  of  gravitation,  that  has  caused  the 
river  to  flow;  the  external  force  of  the  sun,  that  lias  set  the  atnios- 
j)heric  agents  to  work.  They  were  sometimes  conservative,  some- 
times destructive.  The  new  force  has  diMnonstratcMl  his  capacity  to 
destroy;  in  his  own  interest  he  needs  to  accpiire  the  art  to  protect. 
The  future  of  the  Potomac  and  the  fitness  of  its  \vat(»rshed  to  be  a 
home  for  man  depend  on  his  intelligent  use  of  wlu^t  the  ages  have 
fashioned. 
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METHODS  OF  WORK. 
FIELD    METHODS. 

The  methods  l)y  which  the  records  of  stream  discliarge  have  been 
made  are  those  in  common  use  in  the  United  iStatefj  Geolo^cal  Sur- 
vey. They  are  described  in  detail  in  Water-Supply  and  Irrigation 
Papers  Nos.  94  and  95  and  briefly  in  the  aimual  progress  reports 
for  1904  to  1906.  An  outline  of  the  method  used  in  the  Potomac 
River  drainage  basin  is  given,  below,  to  assist  in  making  cilear  the 
data  which  follow. 

A  gage  for  observing  the  stage  of  the  river  is  established  at  a 
bridge  or  ofher  place  where  the  record  of  flow  is  to  be  made.  This 
gage  is  a  vertical  staflF  or  some  other  device  by  wliich  the  height  of 
water  may  be  observed,  and  is  read  each  day  by  a  person  living 
near  by.  The  average  of  the  gage  readings,  if  more  than  one,  in  any 
day  is  used  as  the  mean  gage  height  for  that  day. 

At  various  stages  of  the  river  one  of  the  hydrographers  of  the 
Survey  visits  the  station  and  measures  with  a  current  meter*  the 
amount  of  water  flowing.  This  meter  is  primarily  an  instrument  for 
measuring  the  velocity  of  moving  water,  and  consists  essentially  of 
a  wheel  with  vanes,  which  may  bo  shaped  like  those  of  a  windmill 
or  of  a  screw,  or  with  cups  like  those  of  an  anemometer,  the  neces- 
sary qualification  being  that  moving  water  shall  readily  cause  the 
wheel  of  the  meter  to  turn.  p]ach  meter  is  rated  before  use.  The 
rating  is  done  by  moving  the  meter  through  still  water  at  various 
observed  speeds  to  determine  tlie  relation  between  the  velocity  with 
wliich  the  meter  moves  through  tlie  water  and  the  revolutions  of 
the  wheel.  This  relation  having  been  determined,  the  meter  is  used 
in  running  water,  the  revolutions  per  unit  of  time  noted,  and  the 
velocity  of  the  water  computed. 

Observations  of  depth  of  water  are  also  made,  and  from  them  the 
area  in  cross  section  of  each  ])ortion  of  the  stream  is  computed:  each 
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partial  area  multiplied  by  the  mean  velocity  of  that  area  gives  a 
partial  discharge.  The  sum  of  the  partial  discharges  is  the  total  dis- 
charge of  the  stream. 

OFFICE    METHODS. 

Measurements  of  flow  as  outlined  above  are  made  covering  a  con- 
siderable range  of  gage  height.  They  are  then  plotted  on  coordinate 
paper,  with  gage  heights  for  ordinates  and  discharges  for  abscissas, 
and  a  smooth  curve,  called  the  rating  curve,  is  dra>iTi  through  the 
points.  From  this  cun^e  a  rating  table  is  made  which  shows  the  dis- 
charge of  the  stream  for  any  gage  height. 

The  data  necessarj^  for  the  construction  of  a  rating  table  for  a 
gaging  station  as  just  stated  are  the  results  of  the  discharge  measuj^ 
ments,  which  include  the  record  of  stage  of  the  river  at  the  time  of 
measurement,  the  area  of  the  cross  section,  the  mean  velocity  of  the 
current  and  the  quantity  of  water  flowng;  and  a  thorough  knowl- 
edge of  the  conditions  at  and  in  the  vicinity  of  the  station. 

The  construction  of  the  rating  table  depends  on  the  following  laws 
of  flow  for  open  permanent  channels:  (1)  the  discharge  will  remain 
constant  so  long  as  the  conditions  at  and  near  the  gaging  station 
remain  constant;  (2)  the  change  of  slope  due  to  the  rise  and  fall  of 
the  stream  being  neglected,  the  discharge  will  be  the  same  wheneyer 
the  stream  is  at  a  given  stage;  (3)  the  discharge  is  a  function  of, 
and  increases  gradually  with,  the  stage.  * 

The  plotting  of  results  of  the  various  discharge  measurements, 
using  gage  lieights  as  ordinates  and  discharge,  mean  velocity,  and 
area  as  abscissas,  will  define  curves  wliich  show  the  discharge,  mean 
velocity,  and  area  corresponding  to  any  gage  height.  For  the  devel- . 
opment  of  th(*se  curves  there  should  be,  therefore,  a  sufficient  number 
of  dfscharge  measurements  to  cover  the  range  of  the  stage  of  the 
stream.  Fig.  1  shows  a  typical  rating  curve  with  its  corresponding 
mean  velocity  and  area  curvT>s. 

As  the  discharge  is  the  })roduct  of  two  factors,  the  area  and  the 
mean  velocity,  any  change  in  either  factor  alone  will  j)roduce  a  cor- 
res})onding  change  in  the  discharge.  Their  curves  are  therefore  cx)ii- 
structed  in  order  to  study  each  indej)endently  of  the  other. 

The  area  curve  can  be  definitely  determined  from  accurate  sound- 
ings extending  to  the  limits  of  high  water.  It  is  always  concave 
toward  the  horizontal  axis  or  on  a  straight  line  imless  the  banks  of 
the  stream  are  overhanging. 

The  form  of  the  mean  velocity  curve  depends  chiefly  on  the  sur- 
face slope,  the  roughness  of  tlie  bed,  and  the  cross  section  of  the 
stream.  Of  tliese  the  slope  is  the  principal  factor.  In  accordance 
with  the  n^hitive  change  of  these  factors  the  curve  may  be  either  a 
straight  line,  a  curve  convex  or  concave  toward  either  axis,  or  a 
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conil)iiiation  of  the  three.  From  careful  study  of  the  conditions  at 
any  ^gin^  station  the  fonn  which  the  vertical  velocity  curve  will 
take  can  be  predicted,  and  it  may  be  extended  with  reasonable  cer- 
tainty to  stages  beyoiul  the  limits  of  actual  measurements.  It  is 
used  jirincipally  in  connec.tion  with  the  area  curve  in  locating  eiroTs 
in  dischargee  measurements  and  in  constructing  the  rating  table. 

The  discharge  curve  is  defined  ])rimarily  by  the  measurements  of 
discharge,  which  are  studied  and  weighted  in  accordance  with  the 
local  conditions  existing  at  the  time  of  each  measurement.  The  cune 
may,  however,  be  best  located  between  and  beyond  the  measurements 
by  means  of  tlie  curves  of  area  and  mean  velocity.  Tlii^  curve  under 
normal  conditions  is  concave  toward  the  horizontal  axis  and  is  geu- 
erally  parabolic  ui  form. 

In  the  preparation  of  the  rating  table  the  disc*.hai^  for  each  tenth 
on  the  gag<*  is  tak(Mi  from  th(»  curve.  The  differences  between  sue- 
cessive  discharges  are  then  taken  and  adjusted  according  to  the  law 
that  they  shall  either  be  constant  or  increasing. 

DEFINITIONS.     • 

The  vohime  of  water  ilowing  in  a  stream,  the  ''nni-oflT/'  is  ex- 
pressed ill  various  tonus,  each  of  which  is  associated  with  a  certiiui 
class  of  work.  Tlu\s(»  terms  may  be  divided  into  two  classes:  Tho^:o 
which  represent  a  rate  of  flow,  as  second-foot,  gallons  j)er  nunute. 
and  run-ofT  in  s(»cond-fect  i)cr  stjuare  mile;  and  those  which  repn*- 
sent  actual  (juantitics  of  water,  as  run-ofF  in  depth  ui  inches.  Tliev 
may  ho  dctiiicd  as  follows: 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  Ls 
the  rate  of  discharge  of  water  flowing  in  a  stream  1  foot  wide  1  foot 
(l(»cj)  at  the  rate  of  1  foot  per  second.  It  is  generally  used  as  a  fun- 
damental unit  from  which  the  others  are  computed. 

^^(lallons  ])cr  minute"  is  generally  used  in  connec.ti<m  with  punij)- 
ing  and  city  water  supply. 

" S(M'ond-f(M't  j)er  scpiarc  mile"  is  the  average  number  of  cubic  feet 
of  watcM*  flowing  ])(»r  second  from  each  scjuan*  mile  of  area  drained, 
on  th(*  assumption  that  tlie  run-off  is  distributed  uniformly  both  as 
regards  time  and  area. 

"  Run-off  in  inches"  is  the  dei)th  to  which  the  drainage  area  would 
be  covered  if  all  \\\o  water  flowing  from  it  in  a  given  ])eriod  were 
conserved  and  uniformly  distributed  over  the  surface.  It  is  used  for 
comparing  run-off  with  rainfall,  which  is  usually  exj)ressed  in  dej)th 
in  inches. 
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EXPLANATION  OF  TABLES. 

For  each  regular  station  are  given,  as  far  as  available,  the  follow- 
ing data: 

1 .  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  tables. 

4.  Rating  tables. 

5.  Tables  of  estimated  monthly  and  yearly  discharges,  run-off,  and 
precipitation,  based  on  all  the  facts  available  to  date. 

The  descriptions  of  stations  give  such  general  information  about 
the  locality  and  equipment  as  would  enable  the  reader  to  find  and  use 
the  station,  and,  as  far  as  possible,  a  complete  history  of  all  the 
idianges  that  have  occurred  sin(5e  the  establishment  of  the  station 
that  would  affect  the  use  of  the  data  collected.  They  also  give  state- 
ments concerning  the  probable  percentage  of  error  of  the  estimates. 
The  probable  errors  have  been  based  principally  on  the  errors  of  the 
discharge  measurements  with  reference  to  the  rating  curves. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  each  year,  and  includes  the  date,  the  gage 
height,  and  the  discharge  in  second-feet. 

The  tables  of  daily  gage  heights  give  for  each  day  the  height  of  the 
surface  of  the  river  above  the  zero  of  gage,  as  found  from  the  mean 
of  the  gage  readings  taken  on  that  day. 

The  rating  tables  give  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights  and  statements 
concerning  the  measurements  on  which  it  has  boen  based  and  the  por- 
tion of  the  curve  which  is  well  defined. 

In  the  tables  of  estimated  monthly  discharges  the  column  headed 
*' Maximum''  gives  the  mean  flow  for  the  day  when  the  mean  gage 
height  was  highest;  this  is  the  flow  as  given  in  the  rating  table  for 
that  mean  gage  height.  As  the  gage  height  is  the  mean  for  the  day, 
there  might  have  been  short  periods  when  the  water  was  higher  and 
the  corresponding  discharge  larger  than  given  in  this  column.  Like- 
wise in  the  column  headed  '^  Minimum,''  the  quantity  given  is  the 
mean  flow  for  the  day  when  the  mean  gage  height  was  lowest.  The 
column  headed  *^Mean"  is  the  average  flow  for  each  second  during  the 
month. 

On  this,  the  computations  for  the  columns  under  the  general  head- 
ing]: ''Run-ofT"  are  based.  The  mean  precipitation,  which  has  been 
entered  in  the  column  headed '^Precipitation  in  inches,"  for  gaging 
stations  which  have  hevn  maintained  for  a  series  of  years  has  been 
determined  from  the  United  States  Weather  Bureau  records.  The 
mean  precipitation  has  boen  determined  from  well-distributed  rain- 
fall stations  in  the  drainage  basin  above  the  gaging  station, 
iRii  192—07 3 
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From  the  precipitation  in  inches  and  the  run-off  in  depth  in  inciies 
the  run-ofF  in  per  cent  of  precipitation  has  been  determined,  also  the 
loss  of  precipitation  in  inches  or  the  amount  which  for  several  causes 
does  not  flow  past  the  gating  section. 

ACCURACY  OP  ESTIMATES  OP  STREAM  PLOVIT. 

The  deiscription  of  each  gaging  station  is  followed  by  a  statement 
indicating  the  probable  i)ercentage  of  error  in  the  values  for  mean 
monthly  flow.  This  percentage  is  only  approximate,  as  no  refinement 
has  been  attempted  in  it-s  determination.  The  probable  errors  have 
been  based  principally  on  the  errors  of  the  discharge  measurements 
with  referenc^^  to  the  rating  curves  and  the  known  conditions  of  the 
flow  in  the  vicinity  of  the  gaging  section.  It  is  impossible  to  esti- 
mate closely  the  errors  caused  by  temporary  or  gradual  changes  in  the 
conditions  of  flow,  unreliability  or  ignorance  of  the  observers,  changes 
in  wire  or  chain  length,  or  ice  conditions. 

J^^rrors  due  to  changes  in  conditions  of  flow  are  relatively  small  for 
the  large  streams  except  at  a  few  stations.  On  small  streams,  how- 
ever, a  temporary  obstruction  at  or  below  the  gaging  section,  causing 
a  change  in  area  of  cross  section  or  in  vekxrity  of  the  current,  may 
cause  large  errors  in  daily  estimates  of  discharge.  These  changes  as 
a  rule  do  not  occiu*  frequently  and  are  usually  of  a  temporary  char- 
acter: for  example,  the  lodging  of  driftwood  on  the  controlling  point 
below  the  gage  reduces  the  velocity,  and  hence  the  discharge  for  a 
given  gage  height.  A  few  days  later  a  sudden  rise  in  the  stream  may 
clear  the  chaiuiol  and  restore  normal  flow.  Unless  the  hydrographer 
has  clianeed  to  make  a  nieasiirenient  of  (iischarge  during  the  period  of 
abnormal  conditions,  an  error  has  been  introduced  into  the  monthly 
estimates.  Owing  to  the  limited  appropriati<m  for  stream  gaging  and 
the  large  number  and  wide  separation  of  the  gaging  stations,  it  is 
impossible  for  the  hydrographers  to  make  measurements  frequently 
enough  to  eliminate  all  errors  arising  from  tli(vse  abnormal  conditions. 
It  has  further  been  found  impracticable^  to  so  instruct  the  observers 
that  they  will  correctly  report  unusual  conditions. 

Gradual  changes  in  th(»  conditions  which  afreet  the  flow  can  be  esti- 
nuited  and  corrected  more  readily  than  temporary  changes.  Hero 
again  the  hydrographer  is  often  handicapped  l)y  inability  to  make 
sufficient  measurements  to  show  properly  the  varying  rate  of  change 
in  channel  cimditions.  In  such  cases  the  estimates  are  obtained 
either  by  an  indirect  method  which  is  based  on  the  assumption  of  a 
constant  rate  of  change  from  day  to  day  between  measurements  or  by 
a  series  of  rating  curves. 

Observers  are  as  a  rule  conscientious  in  reading  the  gages,  but  with 
few  exce])tions  they  are  wholly  unfamiliar  with  engineering  work  of 
any  description.     The  observers'  records,  however,  are  examined  and 
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checked  by  hydrographers,  and  lal-ge  errors  are  thus  eliminated.  The 
observers  are  usually  instructed  to  read  the  gage  to  the  nearest  tenth 
or  half  tenth  of  a  foot  twice  each  day,  and  at  times  of  floods  several 
times  a  day.  At  high  and  medium  stages  the  errors  in  reading  the 
gage  are  thus  negligible;  but  at  low  stages,  when  a  difference  of  one 
or  two  hundredths  in  the  stage  of  the  river  or  slight  fluctuations  during 
the  day  cause  errors  of  several  per  cent  it  is  evident  that  the  regular 
method  of  observation  is  inadequate.  Hence,  monthly  minimums 
may  be  considerably  in  error;  but  in  general  the  monthly  means  for 
months  of  low  flow  are  good,  owing  to  the  tendency  of  positive  and 
negative  errors  to  offset  each  other. 

Prior  to  the  fall  of  1903  wire  gages  were  used  at  many  of  the  stations 
for  observing  the  stage  of  the  river.  The  correct  length  of  gages  of 
this  type  was  difficj^lt  to  maintain  on  account  of  the  stretching  of 
the  wire.  Small  changes  of  length  took  place  frequently,  making 
necessary  the  application  of  corrections  to  the  observed  gage  heights 
at  the  station.  In  some  instances  the  magnitude  of  the  corrections 
and  the  time  over  which  the}^  should  have  been  applied  were  not 
recorded,  and  the  proper  adjustments  are  therefore  somewhat  in 
doubt.  In  such  instances,  if  the  data  warranted  it,  the  gage  heights 
were  corrected  by  the  amount  that  the  measurements  of  the  period 
in  question  were  vertically  above  or  below  the  curve.  It  is  beUeved 
that  by  the  use  of  corrected  gage  heights  reasonably  accurate  esti- 
mates of  discharge  have  been  made  for  all  the  rivers  described. 

The  extent  of  frozen  periods  at  many  of  the  stations  is  very  uncer- 
tain. All  ice  notes  are  from  observers'  gage-height  records,  but  as 
the  observers'  notes  prior  to  1904  are  very  incomplete  their  absence 
does  not  always  imply  open-channel  conditions.  Estimates  for  ice 
periods  have  been  made  as  if  open-channel  conditions  existed  except 
as  noted.  This  method  involves  errors  for  the  relatively  short  ice 
periods  of  a  few  to  40  per  cent. 

The  errors  which  are  described  above  are  not  to  be  considered  as 
applying  to  every  station.  They  have  been  fully  described  here  in 
order  to  call  to  the  attention  of  the  reader  the  possible  sources  of 
error  and  the  limitations  of  engineering  work  of  this  kind.  Although 
the  resulting  error  may  seem  large,  it  should  be  remembered  that 
stream-gaging  data  and  estimates  of  flow  are  used  mainly  as  a  basis 
for  predicting  the  maximum,  minimum,  and  mean  discharge  which 
may  be  expected  in  future  years.  Since  the  mean  annual  flow  of  a 
stream  may  be  several  times  larger  one  year  than  it  is  the  next,  it  is 
evident  that  for  records  of  short  duration  an  estimate  which  involves 
an  error  as  great  as  50  ])er  cent  is  not  without  vahie.  On  the  other 
hand,  it  is  a  waste  of  money  and  needless  refinement — indeed,  vir- 
tually impossible — to  obtain  estimates  much  closer  than  3  per  cent 
in  ordinary  current-meter  work. 
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Special  emphasis  is  laid  on  the  fact  that  the  value  of  stream-gaging 
data  is  determined  mainly  by  the  number  of  years  during  which  the 
record  has  l)een  maintained  and  not  so  much  by  the  degree  of  accuracy 
of  the  discharge  for  each  year.  That  is,  the  longer  the  record  the 
more  nearly  does  it  indicate  the  maximum,  minimum,  and  mean  flow 
which  may  be  cxi>ected  in  the  future. 

Monthly  means  which  are  stated  in  the  descriptions  to  be  nithin 
5  i)er  cent  of  the  true  flow  are  considered  to  be  very  good,  and  those 
witliin  10  per  cent  are  considered  close  enough  for  all  practical  pur- 
poses. Errors  in  estimat-es  which  are  greater  than  15  per  cent  are 
due  either  to  uu  insuflicient  number  of  measurements,  or  to  poor 
natural  conditions  which  could  not  be  avoided,  or  to  changes  at  the 
*j;aj^inji;  station  which  could  not  be  foreseen  at  the  time  of  its  estab- 
lishment .  The  larger  errors  in  daily  discharge  values  occur  at  the 
highest  stag€»s,  which  continue  only  for  a  few  days,  and  hence  the 
effect  on  th(»  accuracy  of  the  monthly  mean  is  not  so  great  as  might 
at  iirst  appear.  Also  by  far  the  greater  number  of  gage  heights  are 
tor  medium  stages,  at  which  the  error  of  the  rating  curve  is  seldom 
as  great  as  10  per  cent  and  is  usually  much  less  than  5  per  cent. 
Tlie  errors  in  the  daily  discharge  values  are  often  considerable,  owing 
to  fluctuation  of  the  river  height.  The  values  for  the  maximum 
and  the  minimum  flows  for  the  month  may  also  contain  an  addi- 
tional error,  because  they  are  based  on  the  extreme  low  or  high  part 
ot  the  rating  curve,  which  is  usually  not  so  well  defined  as  the  inter- 
mediate portion.  In  the  case  of  the  mean  monthly  flow,  for  which 
the  estimates  of  accuracy  are  made,  the  error  is  reduced  to  a  very 
small  amount  by  reason  of  the  compensation  of  variable  negative 
and  positive  errors. 

COMPARISONS  OF  FLOW. 

The  figures  in  the  following  table  have  been  brought  together  for 
the  purpose  of  comparing  the  flow  from  a  partial  drainage  area  Mith 
the  flow  from  the  total  drainage  area  over  a  relatively  long  period 
of  time. 

The  totals  show  that  the  ratio  of  the  run-ofl  from  the  tributaries 
to  the  run-o(r  from  the  total  basin  is  (>  j>er  cent  greater  than  the  ratio 
of  their  respective  drainage*  areas.  This  is  entirely  reasonable  and 
just  what  shouhl  be  ex])ected,  for  during  medium  and  especially  dur- 
ing high  stages  the  run-off  is  greater  on  the  tributaries,  owing  to 
somewhat  greater  rainfall  and  more  precipitate  slo])es. 

In  the  comparison  of  the  run-off  from  month  to  month  it  should 
be  remembered  that  there  is  a  considerable  time  interval  between 
the  stations.  Vov  example,  a  flood  on  tlie  tributaries  occurring  at 
the  end  of  a  month  does  not  reach  the  Point  of  Kocks  station  until 
the  following  month.  It  is  believed  that  this  accounts  for  most  of 
the  larger  de\4ations  of  discharge  from  the  normal  for  the  individual 
months. 
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Mean  monihly  discharge  in  second-feet,  Potomac  River  basin. 


Date. 


September. 
Ctetober... 
November. 
December.. 


1903. 


January.. 
February.. 

lUreh 

April 

May 

June 

July 

August 

8ept«tnber. 

October 

November. 
December. . 


1904. 


January.. 
February.. 

March 

April 

Miy 

June 

July 

August 

September. 

October 

November. 
December. . 


1905. 


190ri. 


Potomac 

River  at 

Point  of 

Roeks.Md. 


South 
I  Branch 
Potomac 
River  near 
i  Spring- 
field, W. 
'        Va. 


4,6G9  ' 
3,212  I 
2. 175 
a2.926 


a7.287 

117,480 

11, 170 

9,3()2 
10.160 
4,510 
2.394 
1,592 
1,164 
1,340 
2.201 


«8.626 
5.625 

23.480 
6.581 
4.493 
6.579 

10.190 
5.830 
3.205 
2.888 
2.267 

10,640  j 


336 

271 

206 

a286 


1,009 

1,004 

1,451 

1.660 

2,143 

1,121 

568 

238 

123 

81 

80 

O206 


<>821 

0  831 

4,793 

1.015 

1,744 

1.948 

1.673 

854 

228 

229 

190 

2.298 


January 14.990  i  3,321 

February 5,116  664 

Marcli 15.900  5.076 

April 22,440  4,538 

May 5.538  1.085 

June 1  7.007  1  770 

M^n  ratio 

Ratio  of  tributary  drainage  areas  to  drainage  area  above  Point  of  Roclcs 


Ratio  of 

Shenan- 
doah 
River  at 
MUIville, 

W.  Va. 

North 
Branch 
Potomac 
River  at 
Piedmont, 
W.  Va. 

Total, 
exclusive 
of  Point 
of  Rocks. 

discharge 
of  tribu- 
taries to 
that  of 
main 
stream  at 
Point  of 
Rocks. 

2,249 

90 

2.675 

0.57 

1,454 

103 

1,828 

.67 

961 

134 

1,301 

.60 

927 

193 

643 

795 

1.433 

937 

1,406 

.48 

1 

1 

2.191 

■      4,788 

.65 

2,779 

792 

5.714 

.61 

2.430 

392 

3.943 

.39 

1.930 

160 

2,658 

.59 

1.096 

37 

1.371 

.57 

620 

17 

760 

.^8 

521 

28 

630 

.54 

528 

34 

642 

.48 

780 

243 

1.319 

.60 

2.065 

*  360 

3.246 

.38 

1,684 

232 

2,747 

.49 

4.387 

2.484 

11.664 

.50 

1.945 

585 

3,545 

.54 

1.382 

496 

3.622 

.80 

2.552 

588 

5.088 

.77 

2.994 

653 

5,320 

.52 

1,557 

376 

2.787 

.48 

810 

195 

.       1,233 

.39 

640 

348 

1.217 

.42 

624 

267 

1.081 

.48 

2,336 

815 

5.449 

.51 

3.719 

1.255 

8,295 

.55 

1.643 

220 

2,527 

.49 

3.888 

1,161 

10,125 

.04 

4,464 

2.013 

11.015 

.49 

1,803 

323 

3,211 

.58 

2.895 

413 

4.078 

.68 

*.537 
fc.606 


o  Ice  conditions. 


b  Septem)>or.  1903.  to  March.  1904.  not  included. 


As  a  practical  application  of  such  comparisons  as  have  l)een  given 
above,  the  following  may  be  of  interest  and  value. 

1.  The  observers^  gage  heights  for  the  Point  of  Rocks  station  from 
January  1  to  June  18,  1896,  were  corrected  0.7  by  the  hydrographer 
at  that  time;  0.4  was  due  to  change  of  datum,  but  there  are  no  data 
available  to  show  why  the  correction  for  the  remaining  0.8  was  made. 
There  has  been  a  good  deal  of  doubt  in  the  mind  of  the  writer  whether 
it  should  have  been  made  at  all.  The  following  comparisons 
strengthen  this  doubt  still  further.  The  mean  daily  discharge  for 
the  total  period  from  January  1  to  February  20  and  from  May  11  to 
June  17,  1896,"  was  found  at  all  stations,  except  that  an  allow- 
ance of  four  days  was  made  for  flow  from  Cumberland  and   Spring- 


aNo  rword  at  Point  of  Rocks  Marx'h  1  to  May  10,  18'Jfi. 
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fielii  to  Point  of  Rocks.  The  estimate  of  the  dischai^  at  the  %iriiig- 
ficUI  station  for  May  and  June,  during  which  there  was  no  record 
wad  based  on  a  comparison  of  Springfield  and  Millville  estimates; 
from  May,  ISOo.  to  Februarj',  1S96,  inclusive. 

I/itrhartfe  at  lariowi  ntalioTU.  January  1  to  Fehntary  i9  and  May  Ji  to  June  77,  IS^. 

r'umfx'rlaiKl eecond-feet. .      882 

Millvillf do.,..  Itto 

Springfu'Id do 7K 

4.242 

Mf*an  daily  du)i*har>^'  at  Point  of  Rrirkfi,  0.7  correction  being  lifted do 5. 910 

liatio  of  disT'liar^f  at  upfM-r  relations  to  that  at  Point  of   Rf>ck8  iO.7  coiree- 

ti«inJ 72 

Katio  of  drainafff  an-a  at  uppiT  stalion^  to  that  of  Point  of  Roclui 55 

If  the  0.3  rorrecticm  had  not  been  made  the  approximate  mean 
daily  discharge  for  the  Point  of  Rocks  station  would  have  been  7,270 
second-feet  and  the  ratio  of  disc*har^e  of  the  upper  stations  to  Point 
of  Rocks  would  have  l^een  .58. 

2.  During  1897  the  gage  length  was  greatly  in  error,  the  final 
error  reconled  in  Januarj',  1898,  being  1.8  feet.  These  gage  heights 
were  corrected  by  varying  amounts  for  several  periods.  The  amounts 
of  the  corre<'tions  were  based  on  the  gage-height  distance  that  the 
several  measurements  of  1S97  plotted  above  or  below  the  rating 
curve.  That  this  gave  essentially  correct  results  for  the  year  is  borne 
out  by  the  following  figures: 

PiMrhn/fji  nt  niriinis  stntinns,  Ihrt'mht r  ^S,  JSO^i,  to  Xmymher  ;?4,  1S97. 

Mi'an  <l;iilv  <lis<-luir^'c  al   CuinlxTland   Dtf-nnlMT  2S.a   1S9<>.  to  XovemlHT  20, 

IS!*7  -'. siH-ond-fiTt. .     1,086 

M<*im  Maily  (lit^chai^^'al  Millvilli*  January  1  i(»  NovoihImt  lM,  JS97 do 3.058 

Tolal 4,  144 

Mi'an   <laily   < I isrlia !•«:•'   at     lN»int    of    Korks    January    1    to    Xov<*nilx»r    24. 

1SIJ7 do. ...    1 1,  175 

Katiii  tti  (lis<liar;:j'  al  upprr  sJalions  to  that  at  Point  <»l  Il»K"ks .37 

Katio  of  drainaj:!-  an-a  al   u])i>('r  stations  to  that  at  Point  of   R(K-ks 40 

The  ratio  of  discharge  is  thus  about  92  per  cent  of  that  of  the  drain- 
age area.  An  allowance  of  2(),0()()  second-feet  per  day  was  made  for 
oinilted  gage  heights  at  ^^illville  February  7,  S,  and  9.  There  is 
every  reason  to  believe  that  about  .S(),()()()  second-feet  each  day  shoidd 
tilso  have  been  added  for  February  2.S  and  24,  first,  because  it  was 
known  that  the  obsfvver  recorded  gage  heights  above  the  top  of  the 
1 0-f  oot  gage  on  those  days  as  10.0  feet,  and  second,  because  of  the  flood 
at  Point  of  Kocks  the  latter  part  of  February,  which  shows  a  dis- 
crepancy of  about  this  amount  by  a  coni])arison  of  the  relative  drain- 
age  basins.     If  this  is  done  the  difference  of  the  ratios  is  al>out  4 

««  Four  (lays  ulldwod  for  flow  at  Cumlvorland  to  reach  P<»int  of  Uock.s. 
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per  cent.  However,  this  still  leaves  a  negative  error  of  approxi- 
mately 10  per  cent,  since  the  ratio  of  the  discharges  should  be  about 
6  per  cent  greater  than  that  of  the  drainage  areas,  according  to  the 
comparisons  presented  in  the  table  (p.  31). 

HATNTAIjL,. 

Probably  no  phenomenon  has  so  important  a  bearing  on  the 
development  of  the  country  as  rainfall.  A  study  of  this  phenomenon, 
although  an  essential  part  of  the  hydrography  of  a  district,  is  difficult, 
owing  to  the  numerous  and  various  conditions  which  regulate  it. 
Tlie  fluctuations  of  both  the  yearly  and  monthly  precipitation  are 
great,  and  it  is  only  by  having  a  long  series  of  records  at  many  well- 
distributed  points  over  an  area  that  even  a  fair  estimate  of  the  con- 
ditions prevailing  may  be  made. 

The  United  States  Weather  Bureau  has  for  a  number  of  years  regu- 
larly maintained  rainfall  stations  well  distributed  throughout  the 
United  States.  On  the  data  collected  at  about  40  such  stations, 
located  either  in  or  near  the  Potomac  drainage  basin,  the  accompany- 
ing discussion,  tables,  and  map  have  been  based. 

The  map  (PI.  I,  pocket)  shows,  by  means  of  Hnes  of  equal  rainfall, 
the  average  annual  distribution  of  precipitation  over  the  basin  of  the 
Potomac  during  the  ten  years  from  1896  to  1905. 

At  many  of  the  stations  the  data  were  missing  for  some  portions 
of  the  period,  and  in  order  to  complete  the  records  for  such  stations 
the  missing  values  were  obtained  by  comparison  with  other  near-by 
stations  by  the  method  of  interpolation  and  extrapolation.  This  is 
made  possible  by  the  fact  that  the  ratio  between  the  precipitation  at 
two  adjacent  stations  remains  fairly  constant,  although  there  is  con- 
siderable variation  in  the  actual  amounts. 

Since  the  prevailing  wind  directions  are  as  important  as  the  topo- 
graphic surroundings  in  determining  the  precipitation  at  any  given 
pair  of  stations,  it  seemed  desirable  to  compute  the  ratios  for  many 
of  the  individual  months  as  well  as  for  the  whole  year.  Tliis  pro- 
ceeding involved  more  labor  than  would  have  been  re(|uired  to  deter- 
mine the  ratios  for  whole  years  only;  but  it  seems  to  have  increased 
the  accuracy  of  the  results,  especially  in  those  cases  where  an  inter- 
polation of  only  a  few  months  was  required  to  fill  out  an  otherwise 
complete  series.  Tliis  calculation  of  monthly  ratios  also  makes  it 
possible  to  obtain  an  approximately  true  annual  ratio  for  two  sta- 
tions, one  of  which  has  many  scattered  monthly  records,  hut  few  or  no 
complete  annual  records.  Another  valuable  feature  of  these  ratios 
is  that  they  make  it  p()ssi})le  to  readily  detect  and  eliminate  errors 
in  the  rainfall  records  due  to  chanj^es  in  <j:a<j:e  exposure  or  to  errors  in 
recording  or  computinjj:.     This  is  illustrated  by  the  ratios  for  the  pair 
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of  stations,  Point  of  Rocks  and  Harpers  Ferry,  where  an  excessive 
ratio  of  7.43  was  found  for  October,  1895,  as  against  an  average  ratio 
of  0.98  for  that  month. 

In  preparing  the  map  of  the  Potomac  basin  the  annual  means  as 
given  on  pages  34  to  40  were  first  plotted;  then  with  the  aid  of  sev- 
eral approximate  means  not  given  on  the  map,  all  points  having  the 
same  precipitation  were  connected  by  meandering  lines.  Inspection 
shows  that  these  lines,  called  "isohyets,"  follow  closely  the  surface 
contours  of  the  base  map,  while  it  will  at  once  strike  the  reader  that 
nearly  all  the  stations  are  located  in  the  valleys.  Only  a  few  stations 
in  western  Maryland  and  one  station  on  the  Blue  Ridge  of  Virginia 
(Mount  Weather)  can  be  classed  as  mountain  stations.  Consequently 
we  have  at  present  no  sufficient  basis  for  calculating  /he  rate  of 
increase  of  precipitation  i^nth  altitude  in  this  basin.  On  this  account 
also  the  course  of  the  isohyet  of  40  inches  is,  with  few  exceptions, 
to  be  regarded  as  hypothetical,  although  wherever  possible  it  has 
been  made  to  accord  with  such  scanty  and  imperfect  records  as  are 
obtainable. 

Although  the  net  of  rainfall  stations  is  not  so  finely  meshed  as  is 
desirable  for  an  area  of  the  importance  of  the  Potomac  basin,  yet  the 
map  shows  distinctly  that  the  rainfall  of  the  lowlands  decreases 
upstream  from  Washington.  The  lower-lying  portions  of  the  valley 
of  the  Shenandoah  and  its  continuation,  the  Cumberland  Valley  of 
Marj^land  and  Pennsylvania,  were  characterized  by  an  annual  fall  of 

35  to  40  inches  of  rain  and  melted  snow.  Generally  the  smaller 
amount  is  found  along  the  Potomac  itself,  but  the  driest  portion  of 
the  great  valley  lies  in  that  section  drained  b}'^  Opequon  Creek. 

There  seems  to  have  been  an  exception  to  the  rule  just  stated  about 
the  headwaters  of  South  Brancli  of  the  Potomac.  In  that  region 
tluTc  is  a  considerable  area,  inclosed  l)y  the  isohyet  of  35  inches, 
which  has  a  rainfall  of  less  than  that  amount.  The  two  stations 
inclosed  by  the  curve  show  amounts  of  .S3. 7  and  34.7  inches.  This 
is  apparently  the  dryest  portion  of  the  whole  Potomac  basin  and,  to 
judge  from  the  neighboring  i)ortions  of  other  river  basias,  it  is  but  a 
portion  of  a  relatively  arid  district  which  embraces  the  whole  valley 
occu])ied  by  Bull  Pasture  River  and  South  Branch  of  the  Potomac. 

Mean  prccipUadon,  in  invlns,  oi  statinns  in  tiruimujf  hasin  of  Potomac  Riwr. 

BACHMAN  VALLKY.  MI>.,  AI/nTKDK  Mrf)  FKKT. 
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Mean  precipitation  at  stations  in  drainage  basin  of  Potomac  River — Continued. 
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i  <  !  1  i  I 


NEW  MARKET,  MI)..  ALTITUDE  550  FEET. 


900 

,«)5 

.    2.62 
.    a  61 

448 

aoo 

*4  2() 
4  12 

4  19 

1.  99     a  74     2.  70     5  13     a  36  |  2.  82 
a  .W     2.  72     (».  86     6.  44  :  4  82     2. 91 

2.58 

a5o 

4  04     2.  37 
2.  13     4  7.5  , 

a  OS    a  .'■)(•. 

40.  IS 
4S.  Jif, 

purmean.. 

.  an 

a  74 

2.  70     a  23  (  4  81      .5.  78     4  09     2.  Si) 

a  04 

44  41 

a  2  yoara  inter7)()ljit«Ml.  bas«»(l  on  observations  at  Greenspring  Fiinmcr. 
t»  1  yoar  int<'rpolatfd.  hastui  on  observations  at  Greenspring  Fiimac*'. 
«3  years  interpolated,  bas4'(l  on  obsiTvations  ut  Mount  St  Mary  Cdllege. 
d  5  years  interpolated,  based  on  observations  at  Fn»derick. 
«1  year  Interpolated,  basi'd  on  observations  at  Fn'di'rick. 
/  5  years  int4'ry)olated,  based  on  observations  at  GnH^nspring  Fnniaee. 
g  1  year  int«'rpolated,  bas<'d  on  obs«'rvations  at  Harney. 
*  1  ytvir  interpolated,  busted  on  obsiTvations  at  Frederick. 
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Mean  precipitation  at  gtaiums  in  drainage  badn  of  Potomac  River — Continued. 
OLD   FIELD,  W.  VA.,  ALTITUDE  800  FEET. 


Jan. 
2.10 

Feb. 

Mar.    Apr. 

400 

June. 

July, 

\m 

Sept. 

Oct.    Nov. 

1 

Dec-    .UmiML 

iaav-1900 

173     2.^  ;  1.S7 

aw 

xm 

174 

^85 

r 

3113  ^l» 

*Ln '     ns: 

1901-1905 

, tBIt 

lO-ycarmoan 

.     1  1 

jlTa 

POINT  OF  ROCKS,  MD.,  ALTITUDE  236  (T)  FEET. 


RECEIVING  RESERVOIR,  MD..  ALTITUDE  160  FEET. 


18WV-190D 

1901-1905 

.    2.  39     3. 66  '  a  55 
J  2.68  i  2.15  ;  a  27 

1.79     198 
143  1  157 

138 
4.91 

182     130 
4.4B     160 

2.96     2.54:2197 
2.31   C2.19  tfL46 

2L11 
rfa32 

3&flB 

37.30 

10-ymrmoan.. 

.'  2.53  ,  2.90  j  a41 

2.61  1  177 

4.14 

4.15     140 

1     . 

2.64  1  2.36  1  2.21 

:             1 

2.71 

3tiL» 

1896-1900.. 

1           1           1 
2.44     4. 05     104     1. 77  '  1  40  ,  1 16     4.03 
<1 01     2. 01     161  1  1  73  !  2. 70  1  1 82     &  06 

4  74     1 26 
165;  2.92 

2.01 

.^  M    C9  \% 

37.05 

190()-19a') 

1  44     1. 65    «4.  7rt 

4L61 

1 

lOyeurmean... 

2.72il03,132l2.75'*06'l4B|&05 

!           i           1            ;           1 

429     100 

1 

2.72 

2L34     144 

30L33 

RIVERTON.  VA..  ALTITUDE  493  FEET. 


189fr-1900 1 1 

1 

1 

/[.tlSOJ 
0  32.5K 

1901-1905 1 ' 

1 

1 

2.01 

2.26 

1.35 

140 

1 1 

U)-ywir  moan. . .  1 

1 ' 1 

32.54 

1 

HOMNEV.  \V.  VA..  ALTITUDE  S24  FEET. 


lX9<V-ltK)0 

: 

1 

' 

f 

A:is.40 

i«K)i-i»»():. 

2.29   M.78  j  .104 

8.  13  ,  X  11 

X  78   hA.  34  1*1 99 

1.59 

2.36 

L80 

igi 

:m.7V 

U)-yoa  r  iiwan . . . 

...    .'   ...     1   ...    .    1 J ...    .1 

1 

.15l09 

1            1 

! 

1            1 

i  ' 

1 

STlAHPSBrRr..  MI)..  ALTITUDE  440  FEET. 


l«Mi-19(K) 

ll»()()-HK)r> 

.,2.... 

183 

1  2(')   d\,  4f.  ,dl  94 
1 

xn 

178 

1  Hi   cfo  62 

«I2.29 

107 

2.16 

1 

3&3r 

«3&11 

1 

1 

l()-yoar  iiH'jin. . 

1 



36.74 

1 

1 

i 

SirENANDOAlI,  VA.,  ALTITUDE  1«7  FEET. 


1 89(  •»- 1 « K) ' , 1 ;  1 

1 ' ' 1 1  m.m] 

19()1    I'm') 1 1 1 

1 1                 *3t2S 

1                                   i 1           - 

lU-VOur  IIKMIl ' ' i 

1 1 1        :     .uw 

1            III 

1        i        1        1        i        1 

^:> 

c'l 
d\ 
e  1 
/T) 
g  1 
h  \ 
i:\ 
)r. 
*i 


your  intori^olattvl 
years  intiTp(»lat<M 
.vrars  intt'ri><)lat«'tl 
year  inU'rpolaU'd, 
y<*ar  inton^^liiti'd, 
yt'urs  inl^TpolaUHl 
yj'ar  iiiU'rpolat^^d, 
yoAr  inlerpolatx'd, 
yoars  int«'ri>olatt»(l 
years  interpolated 
year  inten>olated 


based  on  observations  jit  Ronniey. 
.  basi'd  on  obs<Tvations  at  liornney. 
.  based  on  observations  at  Harpers  Ferry. 
Iwsed  on  ol>s4>rvations  at  Harpers  Ferry. 
bawd  on  obwrvatlons  at  Wnsnington. 
,  based  on  obwrvations  at  Stephen  City, 
based  on  ol)s<>r\'ations  at  Stt'plK'n  City. 
based  on  observations  at  Rurlinf^ton. 
,  baw'd  on  observations  at  Harpers  Ferry. 
,  based  on  obser\'ations  at  Staunton, 
based  on  observations  at  Staunton. 
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Mean  precipitation  at  8tation8  in  drainage  basin  of  Potomac  River — Continued. 
SOMERSET,  PA.,  ALTITUDE  2,250  FEET. 


Jan. 

FbK   Kw. 

^- 

Mftf'  JDIM. 

JUly, 

S.81 
5,55 

AU,. 

Sspt. 

Oct, 

Not, 

EMc.   AnnoAl. 

ueaf^tsm 

3Lfi4 

4.  SI    .laa 

3.  IS 
&96 

4.04  j  5l4S 

473 
4.71 

2.38 

2.07 

42li 

4^ai  .      m  iA 

Ifl01-I90fi 

i,m   a.%    A.71 

'           1 

2.:il     4  5tt  1        S3. 37 

lO-j&LT  mean. . , 

4.35     1,3a  :  5.75 

471 

4.17 

5.74 

^« 

4.72 

2.M 

^SA 

a2S     4.29          ^g7 

STAUNTON,  VA.,  ALTITUDE  1,380  FEET. 


18B6-1900 

mi-1905 

.■  2.5fi  '  3.32 
.    2.69     2.95 

3.93     1.95 
3. 16  '  a  95 

4.30 
4.09 

3.59  i  3.62 
5.  45  1  4.  32 

3.83 
3.55 

3.71 
2.02 

3.57     2.53 
1.99     1.68 

1.90 
3.53 

38.85 
40.02 

lD-3rear  mean. . 

.    2.62 

1 

3.13:3.54     2.85     4.19 

1            1 

4. 52  j  3.  d7 

3.09 

3.16 

2.  78     2. 10 

1 

2.71 

39.43 

STEPHENS  CIT\,  VA.,  ALTITUDE  710  FEET. 


1806-1900 

2.30 

4.16     3.69 
.TB4 

1.57 

4.22 

3.90 

4.01 

4.1 

2. 99     3. 17     2. 51 

2.41 

39.17 

1901-1905 

2.85  ,  2.34   

a39.95 



10-year  mean. . . 

3.66 

1            1 

2.92     2.75    

39.56 

r  "■"'' 1 

SUNNY8IDE,  MD.,  ALTITUDE  2,500  FEET. 


1895-1900 

4.73 

5.78 

6.46 

a49 

5.68  '  5.69 

7.0. 

4.63 

3.99 

3.01 

5.44 

4.42 

60.38 

1901-1905 

6  5L32 

10-year  mean... 

1                      1           1 

• 

1 

55.85 

1 

1 

1 

TAKOMA  PARK,  MD..  ALTITUDE  250  FEET. 


1896-1900 

1 

1 

1901-1905 

4.23 

3.07 

4.10 

4.05 

3,12 

5.07 

7.23 

5.34 

4.17 

3.37 

1.95 

6.29 

51.02 

10-year  mean. . . 

1 

i 

• 

TANEYTOWN,  MD.,  ALTITUDE  490  FEET. 


1896-1900 

C2.15   C4.14   c.3.19  :cl.82  |ei.91    c3.22 

4.56 

3.96 

3.00 

2.26 

3.66 

2.52 

38.39 

1901-1905 

(145.08 

10-year  mean. . . 

1                        1 

1 

1            1 

41.73 

1            1 

1 

1 i 1 

UPPER  TRACT,  W.  VA..  ALTITUDE  1,230  FEET. 


WASHINGTON.  D.  <\.  ALTITUDE  112  FEET. 


l»&-1900 

1           1           1           1 

•        1 

-^^4^^ 

190M905 

2.22 

i.87 

2.67 

2.95 

,^82    C4.89 

3.96 

4.16 

1.87 

i.67 

i.64 

3.14 

H-year  mean 

1 1 1 '.. 

■  .    .     1 

a5. 15 

1886-1900 

1801-1905 

.!  2.76 
'  3  40 

4.97 
2.97 

3.67 
3.  m 

1.94 
3.70 

2.82 

3.87 

2  a*! 

10-year  mean.. 

.    3.08 

3.97 

3.«)« 

3.  41 

4.16 
4.64 


3. 27  I  2.  33     2. 58     2. 28  | 
3.»>  j  3.37      \AM\     4.<)9  ; 


;».  73 
44.  »)7 


4. 40     3. 10  ,  2.  85 


o  1  year  interpolated,  based  on  ol>i-ervations  at  Uiverton. 

ft  3  years  inten^olated.  based  on  observations  at  Deer  Park  and  Oaklijiid. 

c  1  year  interpolated,  based  on  observations  at  Baehman  Valley. 

d3  years  interpolated,  baaed  on  observations  at  Bachman  V^alley. 

«  Mean  for  1898-1900. 
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Mean  precipUalion  at  ilationa  in  drainage  hoiin  f^Paiomae  Rivet — Con  tinned. 

WESTERNPORT,  HD.,  ALTITUDE  IfiOfi  FEET. 


Jan.  1  Fob.  {  Mar. 

Apr.' May-I June. 

July.[  Aug.  ]  Sept.!  Opt.  j  Nov.  j  Dee. 

AnmL 

18M-1900 

2.35     3.10  !  afiS     2.41     4.08;  3.51 
2.28     1.93     2. «2  {  3.06     3.68     4.76 

1          i          1           . 
4.10  ;  3.10i  2.81  12.35  ■  2.08  i  1.70 
4.71     3.14     2.33     1.02  •  1.17  '  2.8B 

1           1 

9i.U 

1901-190R 

3ifl 

lO-ye&rinoan... 

2.31  >  2.51  i  3.22 

1 

2.74  ,  3.88  1  413 

4.40  1  3.12  1  2.57  I  Z13  |  2.07  !  Z29 

asLfl 

WOODSTOCK,  VA..  ALTITUDE  «7  FEET. 


1 

1805-1900 

1 ' '...... 

3.12  >  2.02  !  2.11 
Z23  ;2.06  •  1.41 

'..80 

aoD 

•3itf 

1901-1905 

i-ZiO 

1.77  ,  2.99 

3.25  j  3.57  1  5.71 

3.03 

404 

m.€ 

lO-year  xnMn . . . 

1 

2.67  |2.4»  1  l.n 
1           1 

2L4D 

Skfl 

' 

1 

o  1  year  InterpolaUxl,  based  on  obaervatlona  at  Stopfaena  City. 
COMPARISON  OF  IlAINFAIili  AND  RUN-OFF, 

At  ciglit  river-ineasurcinent  stations  in  the  Potomac  drainage  basin 
the  records  of  run-off  were  of  sufficient  extent  for  the  comparison  of 
rainfall  and  run-off.    These  stations  are  as  follows: 

Potomac  at  Point  of  Rocks,  Md. 
Monocai'y  near  Frederick,  Md. 
Antietain  (>eek,  near  Sharpsbiirg,  Md. 
South   Branch  of  Potomacr  near  Springfield,  W.  Va. 
North  Branch  of  Potomac  near  Pie<lniont,  W.  Va. 
South  Branch  of  Shenandoah  near  Front  Royal,  Va. 
North  Branch  of  Shenandoah  near  Riverton,  Va. 
Shenandoah  at  Millville,  W.  Va. 

The  rainfall  stations  in  iho  areas  above  these  stations  are  so  dis- 
tributed as  to  represent  fairly  well  the  conditions  over  the  various 
areas.  It  has  been  assumed  that  for  any  area  the  mean  rainfall  for 
a  given  month  is  the  mean  of  the  monthly  rainfall  at  the  various 
stations  in  that  area.  Based  on  this  assumi)tion,  the  monthly  and 
yearly  rainfall  for  the  years  for  which  run-off  records  are  available 
ha^  been  determined.  These  values  are  included  in  the  tables  of 
mean  monthly  nm-off  given  for  each  gaging-st ation  in  other  parts  of 
this  report.  \Mieu  these  monthly  rainfall  tables  were  prepared  some 
of  the  data  given  on  pages  34-40  were  not  available. 

From  th(»  monthly  rainfall  and  the  monthly  nm-off  the  run-off  in 
per  cent  of  rainfall  has  been  determined  and  also  the  loss  of  rainfall- 
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In  the  comparison  of  run-off  and  rainfall  the  following  facts  must 
►e  kept  in  mind.     First,  nm-cff  is  a  resultant  quantity,  being  the 
mount  of  water  left  after  evaporation,  vegetation,  seepage,  etc.,  in 
he  area  have  been,  satisfied ;  second,  a  rain  gage  shows  only  the  rain 
hat  falls  on  a  few  square  inches  of  surface.     There  should  be  many 
ain  gages  in  order  to  ascertain  the  average  precipitation  over  a 
iratershed,  and,  as  maximum  precipitation  often  occurs  in  compara- 
ively  small  areas,  it  may  not  be  recorded.     Third,  ground  and  sur- 
ace  storage  modify  the  relation  between  precipitation  and  run-off. 
rhe  run-off  for  a  month  in  early  spring  may  be  much  larger  than  the 
irecipitation  for  that  month,  on  account  of  melting  snow  that  falls 
luring  the  winter  months.     Again,  in  the  early  fall,  when  the  ground 
w^ater  is  low,  a  small  rainfall  yields  a  much  smaller  run-off  than  it 
would  during  the  spring,  when  the  ground  is  nearly  saturated  with 
water. .  Fourth,  heavy  rainfall  frequently  occurs  at  the  end  of  the 
month,  and  as  the  run-off  data  are  computed  for  the  calendar  months, 
the  results  from  such  rainfall  may  appear  in  the  following  month^s 
record.     Fifth,  data  are  not  available  relative  to  snow  storage,  which 
produces  the  high  percentages  of  run-off  usually  obtained  for  the  late 
>^inter  and  early  spring.     To  account  fully  for  this  storage,  a  sample 
of  snow  extending  from  top  to  bottom  should  be  melted  at  the  end 
of  each  month,  in  order  to  determine  the  total  amount  of  water  stored 
on  the  ground.     The  quantity  available  for  nm-off  during  the  follow- 
^^  month  would  be  the  amount  thus  determined  plus  the  precipita- 
tion during  the  following  month  minus  the  amount  left  in  snow 
storage  at  the  end  of  that  month  plus  or  minus  the  change  in  ground 
^ater.     These  and  other  causes  make  the  monthly  ratios  of  run-off 
to  rainfall  appear  very  erratic.     A  month  is  too  short  a  period  for  the 
comparison  of  these  quantities.     A  year  is  a  better  period,  but  not 
entirely  satisfactory^  especially  if  the  calendar  year  is  taken,  as  the 
snow  and  ground-water  storage  are  not  in  the  same  conditions  at  the 
end  of  each  year. 

Notwithstanding  the  above  facts,  the  rainfall  and  stream  data 
^nd  the  comparison  between  the  two  are  very  consistent  from  year 
to  year  and  from  station  to  station,  and  are  of  great  interest  both  for 
^^^mparative  purposes  and  to  show  the  general  conditions  existing 
in  the  drainage. 
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(;a(;ix(;  stationh. 

In  tho  following  table  are  listed  the  stations  in  the  Potomac  basin 
Ht  which  stream  measurements  have  been  made  by  the  United  States 
(ieo!oj3:ical  Survey: 

Gtujituj  /daiiowt  of  the  United  StaliM  Geological  Survey  in  ike  Poiomuc  bwtin. 


station.  Period  of  ob0er\'«tioiis. 

_  _  -  ^  __. 

SavtiK<>  River  HtBloominf^ on.  Md Hay3»  1905.  to  July  15.  1W6. 

North  Branch  of  Totoinac  Ui\i>r  at  FiiMlmont.  W.  Va June  27.  IHBO.  to  July  15.  IWte. 

(leorgps  Cre<>k  at  WPKtemport.  Md Hay  4, 1905,  to  July  15,  1906l 

WUliirrcekatCninbcrland,  Md May  6, 1906,  to  July  14. 1906. 

North  llranrh  of  Potomac  HIvor  at  Cnmlirrland.  Md June  11,  IHM,  to  Not.  2D.  1897. 

South  Braiirh  of  Potomac  Uivrr  m>ar  SprtnglicM,  W.  Va June  3, 1894,  to  Oct.  2D.  1894:  Apr.  II. 

1895,  to  Feb.  29.  1896:  June  ff, !«. 

to  Feb.  24,  1902;  Aug.  28,  1903,  to 

July  14, 1906. 

Potomac  RIvpr  at  (Jreal  ('acai>on.  W.  Va.« 

Tiim-arora  Crw'k  ii t  Martlnpburg.  W.  Va May  8  to  Deo.  30. 1905 

OiMHiiion  CTwk  near  Martlnsburg.  W.  Vu May  0  to  June  4,  1905;  Oct.  8. 1905.  to 

July  15. 190G. 

.\ntlctam  Crock  near  ShariMliurK.  Md July  1. 1897,  to  Aug.  25, 1905. 

South  River  ut  Ba«lo.  Va June  29.1905,  to  July  M,  1906. 

South  River  at  Port  Republk*.  V« Aug.  0, 1805,  to  Apr.  1,1899. 

rooka  Creek  at  Mount  Crawtonl,  Va Jidy  1. 19a'>,toJu]y  15. 190(k 

I/ewls  Creek  at  Staunton,  Va Do 

North  River  at  Port  Republic,  Va Aug.  6, 1895.  to  Apr.  1,1809. 

Klk  Runat  Klkton.  Va June  28, 1905,  to  July  15.  ]9niu 

HawkflblU  Creek  near  Luray.  Va I  June  27, 1905,  to  July  15. 1906. 

South  Branch  of  Shenandoah  River  near  Fnmt  Royal,  Va June  2tl.  1899,  to  July  16. 1906. 

Paanaffe  Creek  at  Buckton.  Va I  Oct.  2ii,  1905.  to  July  15. 1906. 

North  Branch  of  Shenandoah  River  near  Rlverton.  Vu ;  June  2li,  1899.  to  July  14, 1906. 

Shenandoah  River  at  Mlllvllle.  W.  Va Since  Apr.  15, 1895. 

Potomac  Rivera t  Point  of  Rockn.  Md |  Since  Feb.  17.1895. 

MoniM'Hcv  River  near  Frwlerlck.  Md Since  Aug.  4,  1896. 

R(Kk  ( Wk  at  Lvon'8  mill,  Washington.  I>.  C Aug.  IK,  1892.  to  Nov.  W.  18EH. 

RcHk  Cni'k  Ht  Z<M»logical  Park,  D.  C Ian.  18,  1897,  to  Nov.  10.  IJW. 

<>  Cup'-lieifrlit  HH'onls  were  obtainetl  from  .Mine  LM.  IVM.  to  March  7.  IHOt's  but  arc  not  republLsihrd oc 
atroiint  ot  tlvir  uiircliatillity. 

Daily  pi«r^»-hoij::ht  records  are  at  present  maintained  by  the  Weather 
Bureau  in  the  Potomac  draimi^e  basin  at  Cuni])erland,  Md. ;  River- 
ton,  Va.,  and  Harpers  Ferry,  W.  Va.  (ieneral  information  and  tables 
of  pi<>:e  heights  at  these  stations  can  hv  found  in  the  Weather  Bureau 
Report  of  Daily  River  Stajjjes  of  the  Principal  Rivers  of  the  United 
States. 

The  CumhiTland  station  on  North  Brancli  *)f  Potomac  River  wajr=^ 
established  vSeptember  1,  1901,  at  the  dam  just  l)eh)\v  the  mouth  of" 
Wills  (Veek.  The  ran^e  of  sta^e  siip'e  the  date  of  establishment  has-- 
been from  0  to  11.0  feet.  The  daiifj^er  line  is  at  S  feet.  The  datiini> 
of  the  Weather  Bureau  and  (ieolopcal  Survey  ^aojes  have  not  been 
connected  by  level  at  this  point.  It  is  not  considered  advisable  to 
attempt  to  obtain  additional  estimates  at  Cumberland  based  oil 
the  Weath(T  Bureau  records,  because  no  discharjre  measurement.* 
have  been  made  there  since  1S9S. 

The  Rivertcm  station  on  vShenandoah  River  was  established  Sep^ 
tember  1,  1901,  at  the  Norfolk  and  Western  Railway  bridire  belo^'' 
the  junction  of  North  and  South  branches.  (ia«^*»  ll^i*rhts  were  als<:> 
obtained  at  tliis  point  durinji;  1802  to  1894.     The  highest  water  was 
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feet  September  30  and  October  1,  1870;  the  lowest  since  1900  was 
1 .7  feet.     The  danger  line  is  at  22  feet. 

The  Harpers  Ferry  station  on  Potomac  River  was  established  in 
82  at  the  Baltimore  and  Ohio  Railroad  bridge.  November  1 ,  1901 , 
e  gage  datum  was  lowered  2.00  feet.  The  highest  water  was  36 
»t,  June  1,  1889;  the  high  water  of  November,  1877,  was  29.2  feet; 
0  lowest  on  various  dates  —3  feet.  The  danger  line  is  at  18  feet, 
ovations  have  been  reduced  to  new  datum. 

Records  were  also  kept  of  the  elevation  of  the  water  surface  at 
xh  tide  at  Long  Bridge,  Washington,  D.  C,  from  June  1,  1891,  to 
)ril  15,  1893.  For  flood  stages  see  page  181.  The  danger  point 
S  feet  on  the  gage,  or  about  7  feet  above  mean  sea  level.  Daily 
o:e  heights  at  Great  Falls  have  likewise  been  published  from  1890 
1892  inclusive. 

XOUTII  BIIAXCH   OF  lH)TO>IAC  KIVKK  BA8IN. 

OENE&AL  DE80KIPTI0N. 

The  general  features  of  the  basin  of  North  Branch  of  Potomac 
\'er  are  described  on  page  213.  The  count rj^  drained  comprises 
ep  mountain  slopes  and  narrow  valjeys.  The  run-oil  is  rapid  and 
c*t  nations  in  flow  are  great.  The  fall  of  the  stream  both  above  and 
ow  Cumberland  is  large.  Facilities  for  dams  are  excellent.  The 
)iitaries  of  North  Branch  are  comparatively  small  and  the  fall 
many  of  them  is  rapid. 

SAVAGE  RDTSR  AT  BLOOHINGTON,  XD. 

Savage  River  rises  on  Bog  and  little  Savage  mountains,  in  the 
-tlieastern  part  of  Garrett  County,  Md.,  and  flows  in  a  general 
ithwestcrly  direction  for  about  20  miles,  then  turns  to  the  south- 
;t,  and  enters  North  Branch  of  Potomac  River  near  Bloomington. 
e  drainage  area  is  practically  uninhabited  and  the  watershed  is 
en  over  to  lumbering.  The  river  receives  the  waters  of  a  num- 
:•  of  small  runs.  The  gaging  station  on  Savage  River  was  estab- 
led  May  3,  1905,  and  was  discontinued  July  16,  1906.  It  is  located 
a  highway  l)ridge  about  800  feet  above  the  junction  of  Savage 
ver  with  North  Branch  of  the  Potomac. 

The  channel  is  straight  for  200  feet  above  and  below  the  station. 
e  current  is  swift.  The  right  bank  is  low  and  clean  and  has  an 
erflow  channel  at  high  water.  The  left  bank  is  high  and  does 
t  overflow.  The  bed  of  the  stream  is  nk'ky,  very  irregular,  and 
rnianent.  There  is  but  one  channel  at  low  and  ordinary  stages; 
ring  high-water  stages  there  are  two  channels. 

Discharge  measurements  were  made  from  the  downstream  side  of 
?  steel  bridge  to  whicli  the  gage  is  fastened.  The  initial  point  for 
indings  is  the  center  of  the  bridge  pier  at  the  left  abutment,  down- 
eam  side. 

IKK  192—07 i 
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A  standard  chain  gage  is  attached  to  the  downstream  side  of  the 
bridge  near  the  left  abutment.  The  length  of  the  chain  from  the  end 
of  the  weight  to  the  marker  is  21.15  feet.  The  gage  was  read  twice 
each  day  by  F.  S.  Cline.  Bench  mark  No.  1  is  a  chiseled  cross  on  the 
downstream  comer  of  the  left  abutment.  Its  elevation  is  16.49  feet 
above  gage  datum.  Bench  mark  No.  4  is  the  top  of  the  pulley  whee] 
of  the  gage.  Its  elevation  was  20.82  feet  above  gage  datum  March 
16,  1906. 

Estimates  are  considered  to  be  within  5  per  cent  of  the  true  dis- 
charge for  stages  above  30  scc*ond-feet.  Below  this  Umit  the  probable 
error  may  be  somewhat  greater.  The  estimates  do  not  include  the 
flow  in  the  10-inch  pipe  which  carries  the  Piedmont  water  supply. 
This  pipe  rests  upon  the  river  bottom  at  the  bridge  and  in  low  water 
carries  an  appreciable  percentage  of  the  total  flow  of  the  river.  Ice 
conditions  did  not  affect  the  flow  at  this  station  during  the  winter  of 

1905-0. 

Discfiarge  incasurnnenUt  of  Savage  River  at  Blomningifm^  Md. 


Dato. 


Ciag*' 
hoight. 


DliK'haiipr^.  | 


ADril  IH. 
Sitty4 

.1  IlIM!  7 

July  17 

Ni»V»MnU'r  7 


1«>5. 


I 


Ffrt.     ^  Second- fe€L\ 
2.9(1  I  K9      March  1 A 

2.  ew  I  72  I    April  10 

2.88  81  I  "^ 

2.  47  '  37  , 

2.m  I  (Mi  ' 


Date. 


1906. 


I     G 


Didcfaaige. 


Do. 

April  11 

MHy2H 


Fret.     [SfconHetf. 
3.95  V 

.S.fiO|  U9 

4.791  (i6 

a2R  141 


Daihf  (fdiff  hfitjhL  in  fat,  <f  Saray*'  Itiver  at  Bloomington^  Md. 


iiM.     Fob,    Mur.    Apr.    May.  Juno.  July.  Au(?, 


vm.                  •         ,                            ■  I 

I 2.8    I  2.32 

2 2.72  ,  3.3 

:» 2.7  '  2.«.2     2.92 

4 2.7  '  2..-i2  '  2.82 

o ■ 2.(i2  i  2.o2  ,  2.72 

(i !   2.  (52  '  2.  42  '  2.  48 

7 i 2.  r.2  2. 97     3.  fi2 

S 2.  58  3.  42  1  4. 32 

9 2.  5  I  3. 22  '  3. 75 

1(» 2.  45  2. 92  !  3. 52 

11 2.  4  3  93  I  3.  :i8 

12 2.  78  4  55  I  3. 1 

13 2.7  4.25,2  92 

14 '  .3. 0  ;  3. 75     2.  88 

I.') i  4.  15  3.  4    I  2. 72 

Hi 3.;.2  I  3.  IS  I  2.52 

17 '  3.75  ,  2.?n>     2.4 

IX I  3.  Tk'V  2.  78  I  2.  32 

19 I  3.  48  ;  2.  ('8  I  2. 28 

^» ■ 3.25  !  2.72  :  2.  t 

'  I            I 

21 1  3. 1  2.  78  '  2.  28 

22 i !  2. 92  '  2.  t>    I  2  22 

'^^ 2'  7S  2"  52  '  20" 

^4 • 2.  «;2  2. 85  .  2.  :i5 

^^ ' 2.«i  2.82  I  2.  l^< 

-»'• ' ' 2.  ()  '  2.  ♦i8  '  2. 18 

'^ ■ 2.(1  ;28     I  2.()2 

'•W-   ■• , 2.  48  ,  2.58  ,  1.9 

-^ ' 2.  4  2.  48  '  2. 15 

^' 1 2.  4  I  2. 32  I  2.  <W 

31 2. 5    I I  2. 82 


2-fl 

2,0ft 
1L1 

\.m 

1.85 
1.1* 
LS5 


8<»pt.'Oct.  JNov.W. 


1.3 


1.98  I 

2.08  I 
2.15 
2.05  , 


1.85 
2. 25  ' 
2.08  I 
f  1.95 
2.05  I 

2.22  ' 

I  2  U  , 
2.15  , 


2.05 


2.05  i 
1.95  I 

1.  .s2 
1.8.=>  I 
.3.05  1 

2.92  ' 

2.  («  I 
2(i2  , 
2.  48 
2.32  I. 


SS 

7 
0 
78 

4.48 
3.85 
3.4 
3.08 
2  75 

2.58 
2.52 
2  45 
2.42 
2.28  ' 

2.18 
2.12 
2  05 
2  3    I 
1.9    I 

1.9    ; 

1.95 

1.9 

1.9 

1.85 


1.9    I 
1.9    I 
1.8 
1.85 
1.78 

2.22 
2.75 
2.48 
2.42 
2.32 


I 

2.82'.l* 
2.7»  3.K: 
2  (2  I  ii' 
2.55  I  i* 
2-5     4> 


3.T 
3.SJ 
X» 
3.18 
3-25 


I 

'  2.22 
I  2.18 
,2  02 
I  2.1 
'  142 

3.75 

3.28 

3.a5 

I  2  92 

3.55 

3.(i 
,  3.48 
I  3.35 

i  2.92  i 


2. 58 
2.58 
2.48 
2.52 
2.42 

2.4 
2  35 
2.28 
2  25 
•>  22 


I 


2  08 

1  92 
2^5 

2  22 

2.28 

2.2 
2  12 

2  1 

3  42  ! 

4  2    . 


2tf 
2.C 


2  42  '  2  45 

2  ."^J  2  S? 

2  25  'l-^^ 

2.2?  2  5:^ 

00  ,  :'.(»■'' 


i..T2 

4  25 

3.y 

I     ^ 


4« 


•■>  7? 

3  1 

2 

2 
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Daily  gage  height,  in  feet j  of  Savage  River  at  Bloomingtoriy  Md. — Continued. 


Day. 


1906. 


Jm.    Fftb:,    Mar.    .\pr. 


aft 

AUG 
4  38 
4.S2 

11& 
3.85 

sa 

A.  12 
^]g 

2  7,1 

3  18 
3  02 


2.75 
2.56 
2-115 
3.  A3 
2,75 

2,0 

2lO 

Z^ 

2.5 
2.47 


2  5a 
2.43 
2  7.> 
4.45 
0.83 

.13:7 
3L25 
3.17 
0.15 

Z»7 
0.015 
Z87 
2.93 


3  25 

3  52 

3  6 

402 

4.0 

4  15 

432 

Z37 

3.2 

2.4 
2.47 
2.27 
2.33 
2.33 

2.93 
2.88 
2.74 
2.78 
2.95 

2  47 

29 

0  no 

7.08 
5  5 
4  55 

4  I 

3.6 
3. 52 
3  48 
3.2 
3.18 


2.r>3 

2.63 
2  35 

2.47  I 

2  37  ' 

2.2:i 

2.25 


2.98 
2.75 
3.18 
3.05 

3.a'>  I 
4  85 

6  5 
6.0 

7  15 
♦i  05  i 


49 
435 
3.95 
3.8 

4  78 

46 

43 

405 

3.75 

3.55 

3.52 
3.4 
3.48 
3  4 
3.52 

3  62 
3.  «V5 
3  5S 
3  48 
3. 35 


May. 

3.22 

3.18 

3.32 

3.22 

3.0 

3.0 

2  92 

2  82 

282 

2  8 

June. 


.July.   Aug.    iSept.  Oct.  I  Nov. 'Dec. 

'       _L 


5.32 

4  82  I 
498 

5  22  I 
5  88  ^ 

5.92  I 

488  I 

448  ' 

4  42     2  82      tm 

5.95     2  8    i;i.6 


0  3& 


2.:h 


2  72 
2.68 
2.58 
2.62 
2.52 

2.48 
2  38 
2  32 
2  42 
2.32 


2.j 

2  3 

2  25 

2  2 

2.2 

2  2 

2.42  1 

3.4 
3..% 
2  05 
2  82 


3.32 
3.05 
2.88 
3.05 
2.85 

2  65 
2  55 
2.38 
2.3 
2.52 

2  98  L 
2.82  1. 
2  78  '. 
2.78  . 
2.62  j. 

2  65  i. 
2  78  I. 
2.  r5  i. 
2  55  . 
2.42    . 


1 
2.48  ' 

2  38    .   .'. 

2  28   ' 1 

2.2      1 '  - 

2.12 : 

1.98 

1.88   

1  88    ! -- 

1  P8 

i88'..:::.|..:.:. 

1.92    

1.88    .. 

1 

1.88    ' '■ 

1. 92               

1  78 

i 

1            1 

■ 

■ 

I 


*ating  tnfjle  for  Savage  Riirr  at  Bloomington,  Md.^from  May  S,  10i)5,  to  July  15,  1006s 


,  iM'lXl. 

Discha^. 

height. 

DlfllrhaFi^. 

Frti. 

l>lW!flAtKC. 

hiHignt' 

nlKhai^. 
912 

fret. 

Ftft. 

8ei^<md-fffl. 

Ffft. 

i        1.70 

» 

ZTO 

84 

400 

044 

5120 

^.m 

m 

3.00 

W 

410 

380 

.14(1 

1,030 

'        1,  W) 

12 

XIO 

114 

420 

4li* 

5.«J 

U150 

1        2.00 

l& 

:i.20 

133 

1          i-m 

m 

^.m 

■uwa 

ZIO 

ig 

.?.;» 

1.^ 

440 

500 

dOO 

1,415 

SLK 

23 

3.40 

174 

4  SO 

544 

tt.ao 

lp566 

•im 

% 

A.^i 

IflT 

4  130 

59L 

*L40 

Utm 

1        2.40 

M 

1       :im 

222 

4  70 

ThIO 

1         fi.60 

1,840 

1        150 

41 

^TO 

349 

480 

mi  , 

11,  SO 

i,g»o 

2.  GO 

jO 

a.  80 

278 

4VO 

744 

7.00 

2,140 

2.70 

00 

0.WO 

310 

,100 

799 

7.30 

3,300 

zm 

71 

•  Thl«  table  is  strictly  applicable  only  for  open-channel  conditions.    It  is  hascd  upon  eight  discharge 
^Morenients  made  during  1905  and  1906.    It  is  well  defined  between  gage  heights  2.4  feet  and  5.6  feet. 
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Estimated  monthly  discharge  of  Savage  River  at  Bloomingionf  Md, 
[Drainage  area,  120  square  miles.] 


Month. 


1905. 

May  3-51 

Juno 

July 

Aupu.st 

Scptcin»)or 

October 

Novem»>pr 

Dccomber 

190(1. 

.Tanuar>' 

February 

March 

April 

May 

June 

July  1-15 


Dischargo  in  second 

Maximum.  1  Minimum. 

390 

34 

568 

29 

466 

12 

210 

10 

535 

8 

509 

10 

418 

13 

924 

21 

2,204 

66 

103 

24 

2.260 

36 

1,380 

163 

174 

23 

884 

28 

40 

10 

Run-off. 


Mean. 


97.8 

118 
85l0 
34.0 
56.0 
82.1 
51.1 

220 


a815  ; 

.963: 

.708 
.283 
.467 
.684 
.426. 
1.83 


330 

2.75 

43.8 

.365 

348 

2.90 

521 

4.34 

69.9 

.582 

138 

1.15 

17.8 

.148 

1.10 
M 

.m 
.& 

2.11 


11' 

1.28 
.0© 


NORTH  BRANCH  OF  POTOMAC  RIVER  AT  PIEDMOHT,  W.  YA. 

This  gaging:  station  was  established  June  27,  1899,  by  E.  G.  Paul* 
and  was  discontinued  July  16,  1906.  It  is  located  at  the  iron  higli^ 
way  bridge  connecting  Luke,  Md.,  Vith  Piedmont,  W.  Va. 

The  channel  is  straight  for  1 ,200  feet  above  and  600  feet  below  th^ 
station.  The  current  has  a  moderate  velocity.  The  right  bank  i^ 
high  and  rocky  and  does  not  overflow.  The  left  bank  is  low  anc3 
liable  to  overflow,  but  all  water  passes  beneath  the  bridge.  The  bec^ 
of  the  stream  is  composed  of  gravel  and  cobblestones,  overlain  in  i\\C^ 
left  channel  and  in  part  of  the  right  channel  by  refuse  from  pulp  niilL-^ 
above  the  bridge.  It  is  free  from  vegetation.  Discharge  measure — 
ments  were  made  from  the  downstream  side  of  the  bridge  to  wliicfc* 
the  gage  is  attached.  The  initial  point  for  soundings  is  the  face  of  th^ 
pier  on  the  right  bank. 

The  standard  chain  gage  is  attached  to  the  hand  rail  on  the:: 
lower  side  of  the  ])ri(lge  in  the  second  span  from  the  right  end.  Th^ 
IcMigth  of  the  chain  from  the  end  of  the  weight  to  the  marker  is  88.8'S- 
fc(*t.  The  gage  was  read  twice  each  day  by  Charles  H.  Beck.  Th^ 
bench  mark  is  the  top  of  a  small  shoulder  in  the  face  of  the  sandstone 
ledge  wliich  forms  the  right  abutment  of  the  bridge.  It  is  about  -^ 
feet  al)ove  the  ground  and  10  feet  downstream  from  the  bridge.  Tht:^ 
point  is  indicated  by  an  arrow  cut  in  the  vertical  face  of  the  ledge.  It^ 
elevation  is  20.40  feet  above  gage  datum. 

The  j)lotting  of  the  discharge  measurements  made  during  1899  U^ 
1906  indicates  that  the  channel  has  been  gradually  filling  in  at  the 
control  below  the  gaging  section,  and  also  to  some  extent  at  the  gagini: 
section  itself,  thus  causing  a  gradually  diminishing  discharge  for  a 
given  gage  height.     This  apj)arently  is  due  to  refuse  discharged  into 


STREAM   FLOW:   NOBTH   BBANCH  OF  POTOMAC. 


47 


ver  from  pulp  mills  immediately  above  the  bridge.  The  amount 
use  affecting  the  flow  does  not  increase  at  a  constant  rate,  and 
les  of  high  water  part  of  it  may  be  washed  away.  Owing  to  these 
jing  conditions  of  flow  all  estimates  at  this  station  are  somewhat 
•tain,  there  being  a  varying  error  of  from  5  to  20  per  cent.  The 
r  percentages  of  error  occur  at  low-gage  heights,  especially  during 
ds  when  no  measurements  were  made.     The  three  rating  curves 

to  1906  have  been  united  at  about  gage  height  4.5  feet.  This  is 
trictly  correct,  but  the  percentage  of  error  involved  is  relatively 
Ice  conditions  at  this  station  probably  do  not  greatly  affect 
ischarge.  No  corrections  were  made  in  estimates  for  ice  periods, 
lates  for  the  period  from  June  27,  1899,  to  December  31,  1903, 
ously  published  have  been  revised.     Estimates  for  1904  and 

as  published  in  the  1905  report,  have  not  been  changed, 
summary  of  the  records  furnishes  the  following  results:  Maxi- 

discharge  for  twenty-four  hours,  13,450  second-feet;  minimum 
arge  for  twenty-four  hours,  6  second-feet;  mean  annual  dis- 
je  for  six  years,  687  second-feet ;  mean  annual  rainfall  for  seven 
i,  38.66  inches. 


ischarge  Tneasvrenients  of  North  Branch  of  Potomac  River  at  Piedmont,  W.  Va. 


Date. 

height. 

1^99. 
'  27 

Feet. 
3.00 

1900. 
y22 

3.75 

4.40 

NPrl2 

1.80 

1901. 

2.90 

«r7 

2.10 

1902. 
19 

2.14 

1903. 
Zil 

2.80 

1904. 

2.80 

Discharge. 


\Second-feet. 

I  350 


7a5 

1.249 

34 


275 
39 


208 

iir, 


Date. 


September  9.. 
September  28. 


19a5. 

March  9 

March  10 

March  29 

April  18 

April  24 

May  4 

June  7 

July  17 

November  7 


March  16. 
Man^h  30. 
April  11.. 
May  28... 


190(>. 


helg 


Feet. 
1.99 


6.70 
7.47 
4.25 
a46 
3.63 
3.22 
a  44 
3.15 
a38 


3.51 
7.15 
5.64 
3.49 


Discharge. 


Second-feet. 
14.7 
20 


4.516 
6,047 
1.090 
416 
526 
326 
441 
280 
439 


412 
5,819 
2,589 

391 


a  Measurement  unreliable,  owing  to  defcctivo  nieter. 
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Daily  gage  heigJU,  in  feet,  of  North  Branch  of  Potomac  River  at  Piedmont  j  W.  Va. 


D*y. 


a.. 

B.. 

8.. 
0,. 
10,. 

11.- 

ta.. 

13., 

IS.. 

16,, 
17,. 
18,. 
19,. 

ao,. 

21.. 
22.. 

24.. 


3G. 
37. 


29. 
30. 
31.. 


ism. 


Jm. 


Feb. 


3 „..,„,. 

_.       2.7 

4 ___ 

::::::::;;::;i2:7 

6..,_„ , 

„.. 2.V 

....:!a.« 

2.0 

H. 

9 ..., 

10,.     ,  „, 

............    ^M 

.............  a:i 

,._,  aj 

11 ..„., 

_,^ ,  _  a.'i 

12.   ..... 

13... .......,.._ 

11.   .    .  ....  . 

.,.M.7 

............    4,25 

3.0 

u . 

......           to 

l«i 

17. 

4  4 

18 

....            4.  1 

19.    . 

1  4  15 

20 

5  8 

21 

22 

23 

24 

4.75 

4.35 

,  4. 1 

25.              .   .    . 

.    .    .    .             '  3.95 

26 

3.  S 

27 

1  3.  55 

2« 

3  4 

29 

30 

.'13 

3.  2 

31 

3.1 

3.0 

ai 
ai 

af> 
a7 

.1.4 
I  4,^1 

4.4 


4. 15 
4.  (V> 
3.7 
3.»)5 

3.(i 
3.  75 
4.0 
3.7 
3.0 

3.4 
3.4 
3.4 


iUr. 


Apr.   .M.i 


i.Ti  : 

4.0  I 

4.^  I 

4.:m  . 

4,4 

4.3    '• 
4.  iri 
4,1 

4.1  I 

o.  n 
3.7 
3.7 
4.0 
5. 95 


■*^'^-| ' 

4.6    ,  a  15 
4.»    I  .11 

4.  5    ,  a  I 

^.a-i    ao 


4.U 

'  4. 15  I 

4.3 

:k»5 : 
a.  75 

A  7 

:i.  4 

3.4 
3.55 
3.75 
3.  05 


'^95 
2L9 
Iti 

a  2 

3.  OS 

ao 

2.U 
2.H 

2.  M 

.J 

2.8 

li 

3.95 


I 


a3 

3.2JS 

aas 
aoTi 

3.S5 

ass 
a  15 
a  ir» 

2.95 

2.K 
2.7 
2  7 

a  15 
a2 


2.7 

2.7 

^7 
Z7 

2.4S 
JLfi 

Lis 

2.»& 

IS 
2.7 

2.a 

2,5 

3.4 

2.^ 
2.3 
2,3 
2.3 

2.^ 
2,15 

2.5 
T^ 
2.3 
ZL4I 


ao 

2.M 
^7 
Z7 
27 

Z7 

ao 
2La-i 

2.7 

2.6 
2,45 
10 
2.fi5 
2.55 


a95  I  2.35 
7.55     2.3 
5.85     2.25  I 
4.95  '  2.a5  I 
4.  45     2. 9 


\-3^v 


3.0 
^& 

zn 

2.4 

3.4 

2.4 

2.55 

3.4S 

2.3 

2.^ 

2.1 
3.1A 

3.1 
2.1 

2.0 
iO 
2.0 
2.0 
2.0 

210 
l.»$ 
LB 
1.9 

i.a 

31 

10 

2.8 

2L5& 

2.a'i 


2,7fi 
2,05 

2.4 

2.3 

2,a 

2.2 
2.2 
2.1 

2,05 
2.0 
2.  L 
2.0    I 
2.0 

2.1 
2.4    , 
2.25 
2.25 
2.45 


aefpt. 


^.:V)  I  a  5 

4.75  a  5 

4.0  ar»5 

4.0    j  a  85 

4.5  a(i5  I 


a  55  I  a  95 

a, '15  I  a(>5 

a  2   ;  a  5 

a  15  I  a  35 

a  a")  I  a  25 


4.2.'") 

4.  a') 

4.  15 
4.0 
4.  75 
4.0 


a  5   I 
a  4   ! 
a  4 
a  3   I 
a  25 


ao 

2. 95 
2.9 

a  3 

3.  25 

ai 


a  25 

3.  OT) 
2.9 
3.  .55 
a  15 


4.05 
4.4 

a  2 
ao 
ao 
a  25 


2.45 

2.45 

2.3 

2.2 

2.  15 

2.1 


3.3 
3.3 
3.1 
2.0 
Z3 


Oct. 


3.x 
2,2 
%U 

2.1 
3.1 


Sov.  I 


171  i 

X9     I 


33    '31 
2.15     2.2 


2.75  I  2.2 
2. 55     2. 2    , 
2.  45  I  2. 65  ! 
2.4    I  2.45 
a  2    I  2.4 


31 
2.2 
33 

2.95 

a4 

3l75 
34S 
Z3S 

2La 
2.3 

2.15 

31 

^45 

Z9 
2,05 
34 
34 

3  2S 

32 
33 
355 
34 

326 


2.1 
3.0 
2.0 
2.0 
30 


31 
315 

31 

31 
32 

31 
11 
30 

32 

31 
31 

31 
31 

31 
3fl 
30 
31 
31 

31 
31 
31 
32 
315 


2.H 
1*5 
2.2 
2.1 


aoG 

1 

3» 

I 

31 

I. 

3iG 

u 

3i 

li 

24 

U 

31 

u 

U 

It 

U 

It 

14  ! 

17 

2] 

ii 

13 

i% 

2J 

II 

21 

li 

23  , 

IV 

13  1 

u 

li 

11 

Al» 

17 

u\ 

11 

11 

1! 

1« 

U 

li 

II 

13 

11 

U 

U 

^^ 

11 

21 

31 

2T 

14 

2fi 

3* 

3 

tl 

J. 

31 

* 

223 

S 

IWi 

S 

17 

3 

I  2J2  15 

2,2  a* 

I  31  23 

305  14 

3Q  l.'S 


S 

8  3a    I  15  3 

S  ,  30    I  36  S 

a  30      2ii  I 

a  a05    35  s 

8  I  a2     15  s 


2.  ivi  i  4 

2. 5  2. 4 

3  4  ,34 

3  3=)  '  34 

2.2  3  5 


8 

as 

^    I 
95 
3  7 


31 
31 
3  15 

3  as 

38 
3  5 

3  as 

3  3 
3  2 
3  2 
3  2 


36 

a2 
ao 

2.9 

aas , 


4.451 
4.05! 
a  75 


"Slight  hv  conditions  during  January  and  Fobruary,  1900. 
f>  lct»  pa.ssod  down  the  river  January  12  and  February  8,  1900. 
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y  ^age  height,  in  feet,  of  North  Branch  of  Potomac  River  at  Piedmont,  W.  Va.- 
Continued. 


Day. 


I  I 

I V  an.  I  Feb. 


1901  .< 


1902.  e 


.  a2 

.  2.95 
.!  2.96 
■  3.15 

-    3ul 

.!  ao 

.    2.9 

.1  ao 
ao 


as 
a2 
a2 
a2 
as 

as' 

a2 

a2 

ai 

ai 


I 

.4.0    I  a2 
.  I  5.75     a  1 

.  4.66  ,  ao 
J  4.15  I  ao 


4-1 

2.9 

,  ^0 

ao 

!  a9 

ai 

;  a55 

a  15 

1  a25 

ao 

1  aas 

a4 

Ia5 

a2 

a9 

ai 

a? 

ao 

ae 

2.fiS 

4..0 

2.95 

i  a? 

2.95 

'  a? 

2.9 

,  a  55 

2.85 

'  ass 

,  as 

'  ass 



4. 45  ,  as 
4.0  '  a 6 
4.3  I  as 

as  a  2 
ass  I  a4 

ao  !  as 
ae  I  as 
a 6  I  a4 
a  45  a  3 
a4s    a2 


a4 
as 

I  a2 
!  a  2 

lai 

i  aos 

2.9 

I  ao 
I  2.9 

I  2.9 

I  2.9 

2.9 

I  ao 
i  ao 


a  IS 
a  IS 
ai   i 
aa5 
ai 


Mar. 

Apr. 

May 

2.85 

as 

4.0 

ao 

a65 

a  9 

4.0 

4.0 

as 

5.2 

4.0 

a  75 

4.6 

4.45 

ae 

ass 

6.55 

a4 

as 
as 

4.7 
6.2 

6.9 

5.65 

5.15 

5.2 

4.75 

4.4 

4.1 
4.05 

4.  as 

4.15 

4.55 
4.35 
4.2 
4.05 
4.15 

4.15 
4.55 
4.25 
4.05 
a  9 
a  75 


8.  as 

7.1 
6.2 
S.4 
4. 95 

4.S 

4.2 

4.2 

4.{vS 

4.95 

S.65 
().  H5 
8.1 
0.  () 

S.85 


I 


ao 

5.  ST) 

ao 

0.  i:> 

ao 

S.G.'i 

ao 

4. 95 

2. 85 

4.(> 

I 


J  as 

.  dS.  75 
.    5.0 

.1  4.a^) 

.'4.1 

:  4.a^) 


,  2.8 
2.8 

,  ao   I 
!  aas  I 

da  35 

I 

0..>S  I 

I  (i.a5 
las   I 


I  6.3 

I  5.65 

5.0 

I  4.65 


4.5  1 

4.3  1 
4.2 
4.65  I 
5.25  I 

5.6  I 
5.7 

5.4  I 
4.95  I 

7.e 

7.55 
6.35  I 
5.85  I 
5.65 
5.35  I 


5.  as 


4.65  I 
4.35 
4.2    ' 

4.1     I 


4.9 
4.(>5 
4.4    I 
4.7 

5.  as  ' 

S.95 
0.2    ' 

6.  45  I 
S.85 


4.45 
4.S 
4.S 
4.  S 
4.4.')  I 

4.25 
4.  IS 

I  4.2    I 

5.3    I 
5.2.1  i. 


6.2 

7.  as 

0.25 
5.8 


4. 95 
4.55 
4.4 

4.25 
4. 15 
4.2.S  I 
4. 15  , 

as 


Jrine.'  July,  j  Aug.  Sept.    Oct.  ]  Nov 


Dec. 


a4 

as 

5.75 
7.55 

5.9 

5.25 

4.9 

4.6 

4.25 

4.1 

a  95 
as 
a7 
a  75 

a7 

4.55 
5.6 
4.65 
4.3 

4.55 

6.25 

6.15 

5.9 

5.55 

5.05 


4.25  I 
4.4 

4.1     I 

a9  ; 
a7 

ae  I 

4.0    I 
4.0    I 

as  ' 
ass  I 


a  35  I  2.5 
a  15  I  2.5 


ao 
ao 

2.9 

2.8 
2.8 
2.8 
2.7 
2.6 


4.9 

4.95 

4.7 

4.3 

4.05 

a  75  , 

ass  ' 


I 


a2 
a95 

4.8 
4.4 

a7 


2.7 
2.7 
2.7 
2.6 
2.5 
2.5 


ass  j 
a4 
a7   I 
a  7   I 
ass  I 

a  4.5 
as 
a  4 
as 
a  2 

a  4 
a  25 
a  2 
a  15 
ai 


as 
a  2 
ai 
ao 
ao 

I  2.85 

2.8 

I  2.85 


4. 75 

as 
ass 
a  2 
ai 


aos 
ao  I 
ao  I 

2.9 

a  4.-,  I 

I 
a  75 
a  45 
a  4   I 
as   I 
as   I 


2.7 
2.7 
2.0 

ai 

2.9 

2.8 
2.7 
2.0 
2.5 
2.5 


I  ' 

I  a  2 
,  aos 

2.8 

I  2.7 

2.0 

!2.5 
2.45 
2.4 
2.4 
2. 55 

2.0 
2.5 
'  2.4 
2.4 
2.3 


a  7 

3. 0 

2.8 

1  2.3 

S.  (i.5 

4.1 

ao 

,  2.3 

3.  ,55 

4.0 

2.7 

'  2.3 

a  0 

as 

2.  <i 

2.3 

a  7 

ao 

2.75 

a  2 

a  a-) 

as 

2,4 
2.4 
2.3 


I 


a  2  2.55 

ao  I  2.4 

2.9  !  2.4 

2.8  i  2.5 

2.7  2.4 


I 


2. 4  ,  2. 6    I  2.  4 

ass  I  2.55    2. as 

2.85  I  2.5 

2.6  2.5 

2.5  2.4 


2.25 
2.2 
2.2 


a  35  '  2.  45 
a  15  I  2. 4 
4.25     2.6 

a95    as 
4.3  I  as 


I  5.3 
i  5.1 
i  4.25 
I  4.15 
a55 


2.45  I  2.6 

2.35  .  2.7     I 

2.3  2.6 

2.  45  2. 6 

2,3  2.5 

2.3    I  2.45  I 

2.  45  ,  2. 55  ; 


a  15  I 
3.1 

ass 


a2 
ai 

ass  I  2.95 
a 2    I  2.9 


2.95 

2.8    ! 

A.  ou    a  OS  I 

2.95  I  a2 
2.85     2.95  I 


2.6 
2.6 
2.5 


ae 
a. 35  I 
ass  1  *.o 

4.95  I  2.3 
4.8    I  2.3 


2.4 
2.4 
2.3 


a  9 
a  5.5 

aos 
a  45 
a  15 
ao 


2,85 
2.7 
2. 0 
2.5 
2.5 

2.5 
2.5 
2.4 
2.4 
2.45 


i  2.2 
,  2.2 
2.25 
I  2.9 
i  2.9 


1.9 
I  1.9 

I  2.0 
!  2.2 

\  2.  .35 
I  2.2 
i  2.1 
2.0 
I  2.0 


2.5  '  2.0 

2.4  I  2.0 

2.  as  I  1.9 

2.3  I  1.9 

2. 25  1. 9 

2.2  '1.9 

2.2  ;  1.9 

2.2  I  1.9 

2.15  ;  1.9 

2.1  1.9 


,  2.15 

2.5    , 

2.4 

1  2.3 

'  2.2    , 

]    O    1       1 

1  2.1 

2.0 

;  1.9 

1.9 

1.9    1 

1.9 
2.0 
2.0 
2.0 
2,0 


2.2 
2.2 
2.25 
2,3 
2.3 

2.25 

2.2 

2.2 

2.1 

2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 


2.1 
2.1 

'  2.1 
I  2.1 

I  2.1 
1  2.1 
I  2.1 
2.0 
I  2.0 

i 20   , 
2.  as 

I  2.1 

I  2.2    I 
2. 3    I 


I  2.1 

i  2.1 

2-1 
2.1 


as 
ass 

I  2.85 
j  2.7    I 
'  2,9 

2.9    I 
2.85 
2.6    I 
2.5    I 

I  2.4 


2.1 
2.1 
2.15 
2.7 

ao 

2.85 
2.65 
2.55 
2.45 
2.6 


2.55 

2.5 

2.5 

2.4 

2.4 

2.4 
2.4 
2.5 
2.5 
2.5 


2.5 
2.7 
5.6 
5.2 
4.2 

as 
a5 
as 
ass 

5.7 

4.56 
4.06 

I  as 

'  4.3 
I  &16 

I  5.66 

,  4.65 

4-2 

>  as 
a4 

a  4 

a4 

ass 

,  as 

64.7 

4.3 
4.95 
4,25 

I  6.65 
5.8 

'  4.8 


,  4.0 

I  a  75 

I  5.25 

4.55 

4.3 

a9 

I  as 

j  a  75 

as 

I  a  45 


2.4    I  2.5 
a  25  I  2.5 

a?   I  2.5 

ass  '  2.5 
a  15  I  2.  4 


5.  .55 
;  0.46 
I  CO 
j  5.8 


5.0 


I 


I 


2.95 

2.7 

2.7 

2.7 

2.0 

2.5 
2.4 
2.4    1 
2.4 
2,4 


2.2    ,2.4 
2.2    I  2,4 

2.05  i 

2.4     

2,  45  I  2.  8 
I  2.7 


I' 


2.4 
2.4 
2.5 
2,5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.75 

5.  45 
4.5 

ass 
ao 
as 


o  Slight  \<x  condition.s  during  Deccinlxjr,  1901. 

&  Ice  pa.ssod  down  the  river  DtH^emljer  25,  1901. 

f  loo  conditions  January  and  February,  1902. 

d  Iw  passed  down  the  nver  January  27  and  February' ; 


.  1902. 


7,6 
0.45 
5.45 
4.9 

!  4-7 

5.0 

5.9 

5.15 

4.7 

4.5 

4.1 

as 
a  7 
ass 

4.0 

a  7 
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THE   POTOMAC   RIVER   BASIN. 


Daily  gage  height^  in  feet^  of  North  Branch  of  Potomxtc  River  at  Pxedmont, 

Continued. 


D*y. 


IS,. 
T.. 

».. 
to.. 

u.. 

H,. 

!«.. 
17., 

IS. 

22. 
23. 
24. 
25.. 


27.. 
28.. 
29. 
30. 
31.. 


11. 
12. 


'^  Jan,  I  Feb, 


1904. r 


.  S.fl      ft.OS 

.  B.g      fl.4 

.  A.  15  I  A,  3 

.  5.»    e.i5 

,  4.1    '  5.25 

.  4.5     ,  4,76 

-  ta    I  4.fl 

.  18     I  4..15 

.  xa     4,0 

-'  31,8       115 

.  4.3&     5.06 

.  XWi  I  lfi5 

-  3.75  '  4.5 

-  5,7    !  4-8 

.  3.7    ■  ft-ftS 

.  3.7  ;  M 

-  a,5  4,615 
.  3.75  I  4.5 
.3.5       4,  AS 

.  3.  45     t  i; 

.  3.5    {  4.0 

.  3.45     3.g5 

.  3.2    1  3.9 

.  3.2    ,  3.8 


.    3.25  ! 
.    3.25 
.  M.  75 
.    5.85 
.    7.3 


2.9    , 

2.9.'^ 

3.0 

3.  .'K'i 

3.  1 


liar.  I  Apr. 


3.7  I 
4.(15  I 

8.8  I 


3.2 

3.  n-> 

3.  1 
3.  0.5 
3.  Of) 


fi.7 

«.5S 

5.0 

4.65 

4.5 

4.5 

4.4 
£.2 
6.1 
S,A 

105 
IS 
15 
4.3 

4.15 

4,0 

3,8 
3.7 
3.6 


4.55 
6.65 
6.0 
5.15 

4.7 
4.4 

4.25 
4.05 
4.0 
11 


17 
4.  ;V) 

4.  S5 

4.  4 


M&>%^Jutie. 


I 


14. 
15. 


3.8 
3.r> 
3.2.-) 

3.  4r) 


4.2 
4.  »>5 


2.  9:>  3.  1 

3.  1.-)  I  {\.2 
3. 0  i\.  1  ry.  ^ 
2.9  17  17 
2.8  i  la--)      13 


4.  2.5 
13 
4.  0.') 
3.  [Vi 

3.  HT) 


4.2 
4.2 

5.U 
5.05 
.12 

17 

16 

145 

5.3 

5,6 

6.06 

S.l*) 

5,0 

17 

4.4 

1:: 

10 
3.9 
3.8 
3.8 


4. 3  4. 6 
1 2  1  15 
3.a5  ,  10 
3.7  I  3.8 
3.7  3.7 
3.8 


4.  7.5 
4.  .3.5 
1  1.5 

10 
3.9 
3.  0 
4.3 
1  1.5 

3.  0.5 

3.  .S.5 
3.  .S.5 
3  7 
3.7 


I  IRfi  3.ft 

175  ^5 

I  4.  45  3.  55 

IBS  I  155 

145  3.7S 

I 

I  3.6 

I  3.6 

3.5 

3.45 

3.4 


;  3,35 

I  3,3 
I  11 
,11 

'il 
I  10 
'  10 

2.8 
125 
19 
17 


I  11    ,  11       2.4 

I  .VI     |l75lZ4 


ITS 
3.55 
14 
3.S 
12" 

125 

5.25 

155 

11 

19 

15 
115 

18 
11 
.VI 

15S 

I  13 
10 
'  16     , 
I  3.65  ' 

,1.5 
,  1 15 
I  6.1     I 

5. 15 

145 
1 

10 
'  185 
I  11 

fi.  6.5 

.5.2 


July, 

Aug. 

Sept. 

Oct. 

145 

2.9 

2.8 

2.a5 

105 

2.05 

155 

2.1 

175 

2.9 

3.5 

2.1 

17 

3.0 

2.4 

2.2 

115 

3.0 

2.3 

2.2 

5.2 

2.8 

3.5 

2.  45 

1  106 

2.S 

2.5 

■165 

2.7 

Z35 

|3.45 

2,65 

2.3 

'xi 

2,5 

3,7 

125 
13 
10 
11 


I  2.5 
i  2L5 
I  2,45 
2.4 


I  15 

,  13 

I  115 

,  14 

'  14 


I  2.45 

2.4 
I  2.3 

I  2.2 
'  2.15  I 

I,  3,4  !  2.1 

I  2.4  2.35 

3,6  1  2.7 

3.5  2.6S 

',  2,05  I  2,5 


4.  4.5 
12 

3.  9.5 
.3.  .S.5 
.3.7.5 

3.  r,.5 

3.  i\ 
.-^.5 
3.  .5 
3.  r, 

3.  4.5 
3.  .15 
3.  2 
3.2 
3.4 


3.  9.5 
3.  S.5 
3.S 
3.7 

3.  S 

3.0 
3.  75 

3.  r. 

3.  .5 


:\.  5 
:\.A 

3.  2.5 
3.  2 
.S.  2 


115 
115 
10 
2. 9.5 

2.9 
2.8 
2.7 
2.  (5 
2.7 


3.0 
3.1 
3. 0,5 

2.  H.5 


2.  S 
2.8 

3.  4.5 


3.  a5 
2.  9 
2.  K 


2.S 
2.6 
2.5 
2.4 
2.3 

2.4 

2.4 

2.65 

2.55 

2.7 

2.8 


2. 15 
2.  .55 
2.4 
2.4 
2.4 

2.35 


2.  a5 
2.  15 


2.2 
2.2    I 
2.15 

a..   , 

2.1 
2.05  I 
2.1     I 
2.0 
2.0    I 


2.6 
2.7 
2.65 

2.6 
2.5 
2.4 
2.4 
2.4 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 


1.9 
1.9 
2.0 
1.8.5 
2.0 

2.  1 

1.9 

1.9 

1.95 

2.1 

2.0 
2.0 
2.0 
2.0 
2.05 


2.0 
2.0 
I  2.a5 
2. 0 
1.9.5 

I 


1.  9.5 

2.0 

,  2.  1.5 

2. 1 

I  2.1 

[2... 
'  2.  2 

I  2.  2.5 
2!  2 


18.... 
19.... 
20. . . . 


3.  2.5 
3. 0.5 
.3.0 
.11 
3.0 


.3.  i\5 
3.  .5,5 
18,5 
X  95 
14 


3.  75 
3.  9 
3.  S 
17 
3.  ♦'. 


.3.4 
3.2 


3.0 
3.  1 
3.  0 


2.  4.5 
2.  3.5 
2.  ;15 


2.  15 
2.2 
2.1 
2.1 
2.  15 


2.1 
2.1 
2.1 
2.1 
2.0 


2.  15 
2.  1 
2.a5 
2.1 
2.  1 


21. 
22. 
23. 
24. 
25. 


15 
I  195 


26 

4  0 

27 

3  .5.5 

28               .   . 

3  2.5 

•29 

3  3 

.30.              .... 

:v  4 

31                                                                       'A  '>A 

' 

.    18  12 

.  rf(i.  8  I  4.  45 

.    «).  6,5  1  4.25     »■>.  6 

.    .5.3  '  1S,5     .5.6 

.    4.  25  I  4.  1        .5.  05 


4.  95 

18 

14 

4.1 

10 

4.  45 


I  15 
I  4.  75 


3.  5 
3.  45 
14 

3.  .3.5 
145 

19 

4.  (i.5 

4."  95 
4.  .55 


4.  25 
4.  05 
3.  9 

3.  75 
3.  ,S5 
A.  .S5 
3.  r, 
.3.  5 
3.  5 


3.  05 
:\.  t> 
A.  15 
3.  05 


3.  25 
3.  05 


2.  1 
2.  1 
1.9 
2.0 
2.  0 
1.9 


a  Icc  conditions  .laniiMn-.  1903. 

b  Icp  pa.«<se(l  <lo\vn  tho  river  .laniiary  2s.  I'.HtJ. 

<"  Iw  conditions  .lannary,  1*K)4. 

d  Ice  pH.s.sed  down  the  river  January  22,  1<.»04. 


2.  1  2.  2 

2.  15  I  2.2 

2. 1  2.  2 

2.  1  I  2!  2 

1.  9  2.  2 


I 


2.a5 

2.0 
2.0 
2.0 
2.0 


2  2 
•II 
2.  2 
2!! 
2.0 
2.  1 
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gage  height,  in  feet,  of  North  Branch  of  Potomac  River  at  Piedmont,  W,  Va. — 

Continued. 


Day. 


Jan.    F«b     Uar. ;  Apr. 


.1  3.05 
.  3.05 
.1  ao5 
.  2.95 
.1  2.«5 


a.7fi  U.35  I 
2.7  \  125  I 
Z  (Vi  i  3. 15 

2.55     3.35 


.    2.»5  2.55 

.1  2.9  I  2.^ 

.    2;8  i  2.5S 

.!  2.75  2.55 

.    2.65  3,15 


I  xt 

I  3.05 
I  3,05 

I  :i.a 

3.05 
I  2.M 
'  2.85 

2.Ki 

I  3.3 
'  3.25 


2.75 
2.8 
I  5.95 
4.45 
3.65 

.  a3 
'  a2B 

;  3.25 

X25 

3.25 

I  3.3 

'  3.  \f, 

3.05 

2.85 

2.65 
2.55 
2.75 
2.75 
2.85 
2.75 


75  1. 


3.25 
3.55 
3.45 


.1  3.55 

J  3.  as 

.  3.(;.i 

.1  5.()5 

.  5.3 
I 

.,  4.6 

.'  3.9 

.,  4.05 

.'  3.65 

.|  3.55 

.1  3.55 

.  3.7 

.1  3.0) 

.1  3.8 

.'  3.8 

I 


3.65 
3. 55 
3.2 
3.4 
3.5 

3.0 
3.1 
3.1 
3.1 
2.9 


4.15 
fr4.A 

7.416 
7.45 

5.7 
6.fl6 

5.0 

4. 85 

a. 

«i.45 

fi.76 

6.7 

8. 

fi.76 

S,8 

S,  ft5 

5.05  ! 

4.9 

4.6 

4.3 

4.15 

40 


2. 75 
3.1 
3.3 
5. 15 
4.35 

3.95 
3.8 
3.8 
3.7 
3.6 


2. 75  3.  4 

2.85  ,  3.6 

3.0    '  3.5 

3.05  3.5 

3.0  3.5 


3.95 
4.15 
.    4.1 

.i  4.7     ' 
.4.35 

.    45    I 
J  4.85 
.,  8.2     ' 
.'6.4 

.1  5.1     I 

.1  46 

.  4  35 

.1  43 

.  4  15 

.'  3.95 

.  3.8 


2.75 
2.8    ' 
2.9. 
2.8 
2.95  I 

3.0    I 

3.2 

3.1 
,  3.05  I 
i3.1     I 

'3.1     I 
3.05 

I  2.6     I 


3.5 
3.4 
3.15 
3.4 
4  0,'> 

3.8 

3.7 

3.7 

3.75 

3.55 

3.6 

7.3 
6.  25 
7.4 
7.4     I 


M>r. 

May, 

Jimb. 

July.; 

Aug.,  Sept. 

Oet, 

NovJBw. 

a85 

3.7 

3.6 

3.55 

3.5 
3.3 
13 
3,2 
^2 

4.75 

4vO 

aAs 

a4 

as 

13 

as6 
a55 
a  4 

4.05 

ass 

145 
13 
11 
15 

2ltt 

2,a 

2.8 
2.7 

2.3 
2.3 

2.4 
2.45 
3.4 

12     a« 

11       175 
106     S.71S 
10       40 
10    '  44 

3.S 
A,  9,5 
3.95 
^.96 
4,0 

3.3 
3.3 
3.2 
3.1 
3,1 

a  a 

a«5 

4.15 

a  66 
a4fi 

12 

4.3 

5.46 

456 

4  OS 

a  15 

ao 
ass 

2.6 
2.5 
2.S 

as 

2.46 

3,35 
2.3 
3.2 
3.2 
3.2 

lis 

136 
33 
12 
105 

a9fi 
ais 
a  7 
a«6 
a  ft 

3.95 
3.95 
3.85 
3.75 
3. 45 

3.14 

3.6 

3.9 

a^fi 

5.02 

asi5 

42 

4.15 
a  76 
a45 

41     1 
40 
a  93 
3.6 
3.35 

a  2 
a  25 
ao 
2.* 

2.85 

4,2 

4.1s 

aft 

125 

ao6 

3.rt5 
10 
105 
2.75 

10 

ag 
a  9 

2ft 

a  9 

as 

126 

ass 

ass 
ao 

3.55 

3.5 

3.5 

3.4S 

3.76 

4,4 
4.0ft 

3,75 

a  25 
ao6 
a«A 
a4& 
sea 

13 
a  16 
3.05 
3L96 

415 

as 
a  15 
ao 
ai»f 

2.» 
2.B 
2.» 
2.B 
^7 

ass 

2.6 
145 
3.8 
445 

ao5 
ao 

3.9 

a  95 
3  3 
as 
11 
ai 

3.S5 

3.85 
3.7 
3.6 

3.5« 

a« 
3.4 
a  2 
3.1 

a65 

a«6 

a4 

a46 

aos 

13 

ai 

165 
3.25 

2.1> 

2.76 

2.A5 

2.5 

4.35 

2.65 

2,4 
2.45 

40 
3.4 
a  15 
10 
a96 

a* 
a  76 
a  75 
3.66 
as 

40 

a4 

49 
49 

406 

3.5 

2.8 

2.9 

3.65 

3.5 

1 

3.1 
a  I 

3.0 

2.0 
a  15 

a4is 
4.4 

3106 

ass 
a  2 

ao5 

2,9 

2.8 

2.9 

6.05 

4.2 

4.  ft 

a? 

a  35 

a  IS 
ao 
ao 

3.4 
14 
2.3 

2.3    ' 
2.3 

485 
44 

19 

ao 
a  45 
a  3 

as 

2.S 

as 
a  66 
455 
...... 

40 

ass 

160 

as 

415 

a65 

1 

1  6.05 

1.0 
a& 
4 1> 

125 ',  ao 

13     12.8 
11     1  2.8 

13     ai 

4  A    j  2.85 
5.  25  1  2.  75 
4  7       2.6 

1 

,  5.55 

......|......  ..... 

1  5.7 

1  6.0       3.8 

' 

6. 15     3. 7 

, 

(I.  M       3. 6 

1 

5.         3.7 

::;::::::::::::;::::::: 

5.05     3.6 

^     !        1 

5.  IS     3. 5 

41 
165 

2.6 
9  A 

,,_,.! 

a.  45     3.5 

1 

5.  ft       3.4 

1 
a36  1  2.5 
3.1     ;  2.05 

a  I   ,2,6 

10  1  2. 55 

____.'_.._i 

5. 46     3.4 

::::;:i::::::i;;:::::::::;::;:: 

4..^^     3.3 

„ 1 ' 

4. 45     3. 2 

1 

<kl5     3.2 

1 



I5.45 

3.1 

3.0 

' 

!  4  85 
4  45 
I  4  25 
i  4.1 

I  195 
I  40 

4  0 
I  40 

4  1 


3. 1       a  9 


I 


,  10 

I  10 

I  ao 

I  a9  , 

2.8 
I  a8 

I  2-7 

a7   I 


6.5 
5.4 
4  65 
4.  .i.** 
4  l.> 


|a7 
I  a  7 
I  aa5 
I  3.45 
1 12 
,  ao 


a  9 
a  95 

11 
3  3 

12 

11 

10 

10 

16 

135 

125 

10 


T 


a  Ice  conditions  during  Junuarj',  February,  and  March,  1905. 
t>  Ice  pa8s<'d  down  the  river  March  7,  1905. 
c  No  ice  during  the  winter  of  1905-6. 
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THE  POTOMAC  BIVEB   BASIN. 


Rating  tables  for  North  Branch  of  Potomac  River  at  Piedmont,  W.  Va. 
JUNE  27,  1899,  TO  AUGUST  25,  1901. « 


Oa«e 

Discharge. 

Gaffp 
hei^t. 

Dischargo.  • 

hei^. 

'  Discharge,  j 

hei^. 

Diachaigp. 

Feet. 
1.80 

,Second-feet.^ 

1               34    '. 

Fret. 
2.60 

Second-4eetJ 
210    1 

Feet. 
3.30 

SeconO'Uet.l 

Feet. 
4.00 

Seamd^eet. 
910 

1.90 

50 

2.70 

240 

3.«- 

1            ^    1 

4.10 

985 

2.00 

67    1 

2.80 

275 

3.50 

'            595    ' 

4.20 

1.070 

2.10 

1               85    'i 

2.90 

310 

3.60 

650    j 

4.30 

1,I€0 

2.20 

105    ', 

3.00 

350    1 

3.70 

'             710 

4.40 

1.250 

2.30 

128    I, 
1             153    '' 

3.10 

395    , 

3.80 

776    . 

4.50 

1,345 

2.40 

3.20 

440 

3.90 

!            8« 

4.60 

1.445  ; 

2.50 

1    ^*  i 

1 

i           1 

1 
_       _  _. 

AUGUST  2 

ti,  1901,  TO  DECEMBER  31,  1903.b 

1.90 

20 

2.JH) 

152 

3.30 

'             406    , 

4.00 

m 

2.00 

!               28 

2.70 

180 

3.40 

«7 

4.10 

945 

2.10 

40 

2.80 

210 

3.50 

512 

4.20 

1,035 

2.20 

57 

2.90 

242 

3.60 

1             571    1 

4.30 

1,130 

2.30 

77 

3.00 

277 

3.70 

635 

4.40 

1.230 

2.40 

100 

3.10 

316 

3.80 

705 

4.50 

1,335 

2.50 

125 

1 

3.20 

359 

3.90 

1             780 

1 

JANUARY 

1.  1904,  TO  DECEMBER  31,  1905 

.c 

2,00 

15    ;, 

3.30 

347    i 

4.60 

<          1.440 

6.80 

4.720. 

2.10 

1               24 

3.40 

397    1 

4.70 

1          1,550 

7.00 

5,100 

2.20 

m 

3.50 

453 

4.80 

1,660 

7.20 

5.500 

2.30 

51    . 

3.60 

515 

4.90 

1          1,775    •■ 

7.40 

5,910 

2.40 

(>S 

3.70 

584    1 

5.00 

1,890    , 
2,130    ' 

7.60 

6,330 

2.50 

88 

3.80 

5.20 

7.80 

6,700 

2.60 

110     , 

3.90 

742    ' 

5.40 

2,390    i 

8.00 

7.200 

2.70 

134 

4.00 

830     1 

.5.  «U) 

2.670 

8.50 

8.;{50 

2.  HO 

161 

4.10 

023 

5.80 

2.970 

9.00 

ST.  550 

2.90 

191     , 

4.2L) 

1.020 

H.()() 

3.290 

if.SO 

lO.SOO 

3.00 

224      ' 

4.30 

l.l'JO 

«i.  20 

3,630 

10.00 

12. 100 

3.10 

2»>1 

4.40 

1.22.5 

6.40 

3,J*80 

lo.riO 

13.450 

3. 20 

.•W2 

4.  .50 

l..^•i0 

r».  60 

4.340 

! 

lANM'AKV  1  TO  .ITLV  l.').  \m\.d 


2.W     1 

70 

.T»>0    1 

4.57 

4.70 

],'im  1, 

6.40 

.3,785    1 

2.W 

S^< 

3.70 

.')19 

4.  SO 

1..540     1 

6.<i0 

4,140    ' 

2.70     1 

109 

3.H0    1 

5.S7 

4.W 

l.(i55      , 

6.80 

,      4.51.5 

2.S0     , 

133 

1        3.90    1 

rxii 

.5.00 

1 .  770 

7.00 

4.900 

2.<M) 

160 

4.00    ' 

740 

.5.  20 

2.01,5      1 

7.20 

,      5.300 

;^oo 

UK) 

4.10    1 

.S2.5 

,5. 40     ' 

2. 270 

7.40 

'      5.710 

3. 10     1 

224 

4.20    , 

915 

.'.  60     . 

2  .5,i.5 

7.60 

,      6.130 

3.20     1 

262 

4.30 

1.010      , 

.5.  SO     , 

2.S20 

7.80 

1      6.570    1 

3.30 

304 

4  40    ' 

1.110 

6.(K) 

.'i.  12,5     ' 

S.OO 

7,030 

3.  40 

.^')0 

4.50 

1.21.5      ' 

6.  20 

A.  4.50 

8.20 

1      7,500 

3.  .TO 

401 

4.60 

1.320 

a  Thi.s  table  is  strictly  applicjiblf^  only  for  opt'ii-chamn'l  conditions.  It  i.s  based  on  four  dischar 
measureniont.s  made  during  1899  and  1900.  It  is  f.iirly  w<'ll  defined  Ix'twcen  gage  heights  1.8  feet  ai 
4.5  foet.  As  applied  to  1901  gage  heights  it  is  liable  to  give  estimates  several  per  eent  too  high,  ovii 
to  changes  in  the  condition  of  flow  at  and  Inflow  the  section  during  1901.  ,\bove  gage  height  4.60  ff 
the  table  is  the  same  as  the  1904-5  table. 

f>  This  table  is  strictly  applicable  only  for  onen-<:hannel  conditions.  It  is  based  on  three  dischar 
measurements  made  during  1901-1903  and  on  the  fonnof  other  curves  at  this  station.  It  is  fairly^ 
defined.     ,\bove  ga^  height  4.50  feet  the  table  is  th(!  same  as  the  ltX)4-o  table. 

c  This  ta])le  Is  stnctly  applicable  only  for  op*Mwhannel  conditions.  It  is  based  on  discharg»»  nifj^ 
urements  made  during' 1904-1905.  It  is  fairly  well  defined  lK>twt^'n  gage  heights  3.0  feet  and  7.5  f'^ 
Below  3  feet  the  table  is  ])ased  on  two  measun?ments  at  2  fe«'t.  The  a  hove  ta  l)le  as  applied  to  1904  g» 
heights  is  liable  to  give  estimates  several  p«'r  cent  too  low  alcove  gage  height  2.5  feet.  As  appli<*d 
19a5gfl4?e  heights  it  Is  liable  to  giv(^  estimates  several  p<T  eent  too  high  1k>1ow  gage  height  2.-5  f«vt. 

d  This  table  is  strictly  applicable  onlv  for  optm-channel  conditions.  It  is  based  on  thnv  distlwr 
measurements  made  during  190«')  and  the  form  of  previous  curves  at  this  station.  It  is  well  di^^ 
bi>tween  gage  heights  3.5  feet  and  5.5  feet. 
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'  monthly  discharge  of  North  Branch  of  Potomac  River  at  Piedmont,  W.  TTi.  a 
[Drainage  area,  410  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Precipitation. 


Maximum. 


Minimum. 


505 
418 
350 
540 
105 
840 
2,130 


2,»70 

3,130 

3,210 

1.660 

875 

6,225 

1,250 

330 

240 

440 

7,ogo 

2.970 


.090 


2,805 

650 

4,910 

6,330 

6.225 

1,832 

2,260 

1.832 

359 

138 

277 

7.  .54.5 


'.545 


Second-feet  Dp^thln 
Mean,      per^scjuare   ^JP^J^" 


Per  cent 


I'ta^J^^'-"- 


292 

95 

50 

67 

67 

105  I 
140 


387 
209 
119 
157 
88.' 
275 
421 


0.944 
.510 
.290 
.383 
.216  I 
.671 

1.03 


0.140  I 
.588  I 
.334  I 
.427 
.249 
.749 

1.19 


.L 


240 

838 

350 

1,032 

622 

1,306 

465 

821 

240 

392 

240 

804 

116 

308 

67 

136 

*l 

53 

67 

143 

81 

577 

310 

092 

2.04 

2.35 

2.o2 

2.62 

3.19 

3.68 

2.00 

2.23 

.956 

1.10 

1.96 

2.19 

.751 

.m 

.131 
.349 
1.41 
1.09 


.146 

.402 

1.67    I 

1.95    I 


34 


310 

292 

292 

680 

490  I 

395 

153 

128 

57 

40 

28 
125 


28 


705 

407 
1.387 
2,234 
1.681 

925 

490 

409 

149 
63.5 
70.3 
1.472 


1.44 


1.72 

.993 

3.38 

5.45 

4.10 

2.26 

1.20 

1.00 

.363 

.155 

.171 

3.59 


831 


2.03 


19.49 


1.98 

1.03 

3.90 

6.06 

4.73 

2.52 

1.38 

1.15 

.405 

.179 

.191 

4.14 


27.68 


In 


LoMin 
inches. 


2.01 
3.85 
5.08 
1.93 
6.60 
6  4.81  I 
2.64 
2.11  , 
3.91 
2.29. 
1.76  ' 
2.44  I 


137 

1.72 

73 

3.60 

100 

3.37 

170 

1.31 

50 

2.22 

49 

4.47 

20 

4.24 

14 

2.64 

20 

.74 

19 

2.07 

29 

5.46 

79 

2.46 

54 
79 
114 
102 
07 
72 
51 
24 
19 
28 
7 
72 


34.29 


3.68 
1.30 
3.42 
5.93 
7.03 
3.52 
2.60 
4.89 
2.09 
.65 
2.69 
5.73 


43.62 


2.05 
1.78 
3.48 
2.04 
1.01 
1.25 


39.43  1. 


-0.63 
.97 

-  .31 

-  .92 
1.12 
2.28 
3.37 
2.26 

.50 
1.67 
3.89 

.51 


14.80 


1.70 
.27 

-  .48 

-  .15 
2.30 
1.00 
1.31 
3.74 
1.60 

.47 
2.50 
1.59 


15.94 


2.895 
13,450 
7.430 

5.200  '■ 

945 ; 

40(i  ' 

22ti  ; 

IW)  i 

6.3.5  i 

2.460  I 

6,330  I 

13,4.50 


242 

210  I 

990 

542 

242 

100 

77 

20 

20 
100 
100 
484 

20 


644 
1,062 
2.578 
1,980 

483 

219 

2ti5 
85.8 
40.9 

213 

288 
1,764 

804 


1.57 

2.64 

6.29 

4.83 

1.18 

.  534 

.  r>4(> 

.209 

.100 

.520 

.702 

4.30 


1.81 

2.75 

7.25 

5.39 

1.36 

.596 

.74.5 

.241 

.112 

.600 

.783 

4.96 


1.9«i 


2(i.60 


57 

72 

173 

130 

42 

14 

21 

11 

4 

20 

34 

94 


3.19 
3.83 
4.18 
4.14 
3.26 
4.34 
3.62 
2.14 
2.84 
3.00 
2.32 
5.29 


1.38 

1.08 

-3.07 

-1.25 

1.90 

3.74 

2.87 

1.90 

2.73 

2.40 

1.54 

.33 

15.55 


«»S<H«  (h'Mcription  arid  footnotes  to  the  rating  tables. 
''  I'n>(ipil;ition  for  complete  month  Juno.  l^iK). 
c  Discharge  intcrpolat^Nl  Ootolx^r  28  and  2<>.  IW)2. 
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THE   POTOMAC   RIVER  BA8IN. 


Kftfhnated  monthly  discharge  of  North  Brandi  of  Potomac  River  at  Piedmont,  W. 

Continued. 


Fo.- 


DlschAFKe  in  wcond-fcet. 


Run-off. 


PjneipiUtion. 


Month. 


1903. 

January 

Felminry... 

March 

April 

May 

June 

July 

August 

S<»pt«»nibifr. . 
Oclolior  a . . . 
NovomUT.. 
IK«»inlier. . . 


Maximum.   Minimum. 


I 


I 


Tho  yi'iir. . 


5,700  I 
9.070 
4.5»  ; 
3,375 

hmx)  ■ 

4.435 
LM30 
277 
210 
180 
003  i 
1.2S2  I 

9.070  ! 


350 
635 
571 
635 
210 
350 

im 

77 
28 
34 
57 
48 


28 


lOOl.fc 

January 

February 

March 

April 

May 

June 

July 

Augii't 

Septemlier. . . 

OctoNT 

NovemlM'r... 
l>eooni»ier 


Thcyoar j 

Janiiury I 

Fpbriinr>' , 

March 

April ' 

May 

Juiic 

July 

AuRUsl 

St'ptJ'inlMT 

OctolxT 

NovtihImt 

DjiviiiIkt 

1*hr  year  . . 

lIKHi. 

Jaiumry 

KobruaVy 

Marcli I 

:\P"' 1 

May 

Jurii' ' 

July  l-l.") 1 


4.720 

3.(K« 

4.340 
2.195 
3.210 
TSi 
425 
99  ' 
30! 
ti8| 
51  , 

x.wo 


110 

224 

484 

^72 

302 

134 

(» 

9 

0 

12 

15 

15 


4.720  I 


3.210  ! 

4K4  i 

7.420  I 

831)  ; 

I.«.)M  1 

i.«ia'> 

2. 4(K) 
1.77.-. 
1.02») 
1.71S  ' 
l.:tS;'. 
•-'.SU')  I 

7.420  ' 


M**n      ^^£^  ^P^^^-^l^L      In       I^»" 


1,292 
2.223 
l.lttS 
1.500 

580 
1.292 

570 

163 

90.5 

103 

134 

193 


3.15 

5.42 

405 

3.67 

1.41 

3.15 

1.30 

.398 

.221 

.251 

.327 

.471 


3w«3 
5l64 
4.67 
4.10 
1.63 
3.51 
1.00 
.459 
.247 


.366 
.543 


817 


643 
705 
1.433  , 
937 
792 
392  < 
160 

:f7 

17 

28  » 

34 
243 

4.'i9 


1.99 


1.58 
1.96 
3.53 
2.31 
1.95 

.966  I 

.394  I 

.001 

.042  ■ 

.OiiO  ! 

.084  . 

.599 

1.13    > 


26.68 


1.82 

2.11 

4.07 

2.58 

2.25 

1.08 

.454 

.105 

.047 

.080 

.004 

.601 


15.38 


7..'-^10  , 
48S  ' 

.-..710  I 

4.515  I 
7K)  , 

2.n7X  ' 
224  I 


99 
W 
2H2 
1(>I 
191 
242 
liU 
.S8 
51 

:«i 

148 
208 


:J27 
88 
121 
7(X) 
100 
HiO 
70 


.IliO 
•232  , 
2,484 

MH  . 

m\ ; 

:m 
la-. 

348 
2«i7 
815 

t)17  , 


1.2.V) 
220 

i.ir.i  I 

2.013 
.123 
413 
1-20 


.887  1.02 

..571  .505 

6.12    I  7.06    , 

1.44  I  1.61     I 
1.22    ,  1.41     , 

1.45  '  1.62 
l.ni  l.»i'.     ' 

.l»2ti  1  1.07    I 

.W)  ,  .  ,W»'. 

.8.57  .988 

.(;.*>8  '  .734  * 

2. 01  2. 32 


103 
122 

113  , 

**  . 

54 

32  I 
14  ! 

14  1 
12  I 
20  ' 

37  1 


3.57 
5l50 
SLIB 
SLM 

3.18 
6u50' 
4.96 
3.18 
1.77  I 
2.36  ' 
1.78 
L47  . 


-0.01 

-  .14 

-  .85 
"  .« 

1.35 
19 
IX 

la 

1.5! 

tor 
i.ti 


41.73        Ul« 


59  ! 
108  1 
163  I 

27 

12 
<>  I 
3, 

5  I 
17 
24  I 


&07 

1.96  I 

2.62  1 
3.20' 
3.95  . 
3.60 
1.96 
1.81  j 
1.76  < 
.54. 
2.92] 


1.23 
-  .15 
-l.S 
.M 
.96 
2.!C 
3.24 
I.S 
1.76 

i.m 

.4S 
223 


51  1    29.98  I      ueO 


1. 


.  :>;t7 

2.83 
4.91 

.78i> 
1.01 

.  2H.3 


"20. 82 


3.  .53 
..5.T9 

.■?.  2»i 

5.  48 
.908 

1.13 
.  HUT 


33  I 
34 

201  < 
82 

49 ; 

40 
28  > 
28  , 
25 
24 
31  , 
74 


3.13  j 
1.75  ' 
3.52 
1.97  i 

2. 87 
103  ; 
fi.55 

3. 88  , 
2. 16  I 
4.08 
2..'»  I 
3.13 

39.43 


2.11 
LUl 
-.154 
.»• 
1.4i"- 
2.41 
4.i» 
2.  SI 
l.K 

l.« 
.M 

1S.«>1 


zz\-^ 


n  T)l9cha-p«»  inU»rpohiterl  OctolxT  7-1.5.  \{¥yx 

b  Drainage  ariMi  of  4rti  squaro  niHos  usod  to  obtain  1904  and  1905  nin-otf. 


STREAM    flow:    GEORGES    GREEK.  55 

OS0EOE8  OSEEX  AT  WESTEUfPOET,  MD. 

Grcorges  Creek  rises  on  Mount  Savage,  in  the  northwestern  part  of 
Mlegany  County,  Md.,  and  flows  southwestward  into  North  Branch 
>f  Potomac  River  at  Westernport.     Its  length  is  about  15  miles. 

The  gaging  station  was  established  May  4,  1905,  and  was  discon- 
tinued July  16,  1906.  It  is  located  at  a  highway  bridge  in  Western- 
port,  Md.,  about  one-half  mile  above  the  mouth  of  the  creek. 

Above  the  station  the  channel  is  straight  for  about  50  feet  and  then 
[nakes  a  shaq)  bend.  Below  the  station  it  is  straight  for  300  feet. 
rhe  current  is  swift.  Both  banks  are  fairly  high,  clean,  and  do  not 
overflow.  The  bed  of  the  stream  is  rocky  and  shifting.  There  is  but 
one  channel  at  all  stages. 

Discharge  measurements  were  made  from  the  upstream  side  of  the 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  inside  face  of  the  left  abutment,  upstream  side. 

A  standard  chain  gage  is  attached  to  the  middle  of  the  upstream 
side  of  the  bridge.  The  length  of  the  chain  from  the  end  of  the  weight 
to  the  marker  is  16.23  feet.  The  gage  was  read  twice  each  day  by 
G.  A.  Biggs.  Bench  mark  No.  1  is  the  top  of  the  downstream  bed- 
plate at  the  left  abutment,  on  the  downstream  corner  toward  the 
railroad  track.  Its  elevation  is  11.58  feet  above  the  .datum  of  the 
gage.  Bench  mark  No.  3  is  the  top  of  the  pulley  wheel  of  the  gage. 
Its  elevation  was  15.88  feet  above  the  datum  of  the  gage  May  4,  1905. 

The  bed  of  Georges  Creek  at  the  gaging  section  is  rather  unstable 
and  subject  to  frequent  changes  on  account  of  the  high  velocity  of 
the  current.  The  estimates  are  therefore  subject  to  varying  errors  of 
from  5  to  20  per  cent  of  the  true  flow.  Ice  conditions  did  not  afi'ect 
the  estimates  during  the  winter  of  1905-6. 

Discharge  ineasurements  of  Georges  Creek  at  Westernport,  Md. 


,;;«f,    :Di«.hargoJ|  Date.  !,««f,. 


'^*^-  heiX.   '  I>»«chargp.  ]  Date. 


1905.  F(et      \SecoTui-feet.  \                      1906.  Feet. 

April  18 160                  .W   1  Mrrch  Hi 1.49 

May  4 135                   33   •  March  30 3.38 

June? 1.98                 131       AprillO 2.50 

July  17 i         1. 58                  43   I  May  28 2. 25 

Noveml)er7 .'  135                   45 


Dischan^c. 


Second- feet. 

65 

1.230 

476 

353 


56 


19. 
20. 
21. 
22.. 
23. 
24. 
25. 

2li., 
27. 
28., 
29. 
30. 
31. 


THE   POTOMAC   RIVER   BA8IN. 


DaUy  (jcuje  height,  infeeU  ofGeorgtM  Creek  at  Watemport,  Md. 


- 

Day. 
1905. 

Jan.  '  Fob.    Mar. 

.     _    _l 1 

Apr.   Maj. 

1 

2                                                 '                      .          ..! 

3.                                1 ' 

4      :;:;........ ..." 

I.4& 
L4 

5.  .  . .  ..., i 

'                        i 
(',..     .      .        ' 

1.12 

7                                                .1       " 

1  5 

H ' 

1  4    < 

9 ! 

1.35 

Jom. 

S^f. 

Km 

L4» 

LM 

\.n 

U4» 

l.« 

L12 

l,3fl 

1,32 

1.1 

1.3 

t.lB 

1.1 

I.  as 

L5£E 

im 

1  1.3 

l,4R 

I. OS 

\.m 

XAh 

1.03 

'  \.:^ 

^(,:t^ 

l.n-, 

I 


I  Oct.    Nov.  Dfc. 


11 ' 

12.. ' 

13                                                           J          

14 

15 

• 

16.                                                                    

17 

18... ::      :: : : ■ 

1.38 


1.5 
1.38 
1.48 
1.72 


1.68, 
1.05  ' 


1.58 

1.52 

1.5 

1.45 

1.4 

1.38 

1.28 


190:1 
1 

A. 

i.tw 

i..v> 

2.3 

2  .'»s 

2  45 

r» 

2.;is 

2  2 

H 

■>  •> 

9 

...                        l.SK 

10 

11. 

1.95 

1  «»5 

12 

1  2. 0 

13 

14 

1.95 

1  ss 

15 

in 

,   1.7S 

1  S2 

17 

2. 0 

IS 

....           2.05 

19. 

2  12 

20 

21 

2.15 

2.  IS 

22 

.    .               2  22 

2a 

3  '^S 

24 

3.  CW 

25.       .    .    . 

2  (is 

2(') 

2  2 

'*7 

2.12 

2H 

.    .    .                   2  1 

29 

'  2  05 

30 

1  98 

31 

1.9 

,   1.75 

l.fW  , 

1.  ♦.,•'. 

'   l.«i 

1.5.5 

,   1.  .12  ' 

,   1.5 

1.45 

'   1.45 

.   1.42 

.   1.4 

,   1-4 

1.4 
1.4 
1.4 
1.4 

1.45 

1.45 

1.4 

1.35 

1.32 

1.3 

1.3 
l.:iS 
1.42 


1.7H 
2.05  ' 


1.9S 
l.S 
1.75  , 

i.r)S 

1.5.") 
1..52 

K5 
1.5 

1.45 
1..32 
1.32 

i.:« 

1.5 

1.55 
1.5S 
1.55 
1.58  ■ 
I.« 

i.r.8 

2.(i2 
3. 2 
3.2 
3.42 
3.45 


2.1W 

2.S8 ; 

2.  \rl 
2.S5  ' 

2  52  ' 
2.32 
2.  32  I 
2.  55 
2.58 

2.  .32  , 
2.32 


2.  12 
2.  12 
2.  22 
2.0 

2. 05 
1.9 
1.8S  ' 
1.8S 
1.82 

1.9     \ 
1.85  , 
1.75 
1. 7 
1.72 


1.28  • 
1.25  , 
1.3    ' 
1.3 
1.28 
1.32 


I.4J  I 
LJd 

2.05 

LRI 
l.TtJ 
l.fi2 

\J^ 

l.-Mi 

1.4 

L^ 

L4S 

1.42 

1.38 

1.5 

I.A5 

1.4 

L32 

1.25 

\.n 

I.J 


l.Or 


1.06 
1.05 
1.08 

1.12  ; 
1.1   ' 

1.1 

1.05 
1.0 
1.0 
1.28 


''  ad5 

i  1.28 
>  1.18 

i  *•* 

'  1.05 

1.02 
1.0 
1.0 
1.0 
.98 


1.5 
1.5 
1.45 
1.38 
1.4 

1.52 
1.4 
1.32 
1.25 
1.2 


i.te 

l.S 
235 
12 
2.12 

155 

,  13» 

i  "*  22 

212 

2. 02 


1.8        1.6       3.18  I   l.r.8 


1.72 
1.«'2 
1.52 
1.5 

1.5.5 

1.5 

1.5 

1.45 

1.4 

1.4 
1.4 
1.4 
1.42 
.4 

1.3 

1.32 

1.32 

1.25 

1.22 

1.2 
1.2 
1.  15 
1.15 
1.1 

1.  I 

2. 02 

2.08 

2.2 

1.95 

1.88 


2.0.*i 

t.Oi 

2.55 

1.75 

L12 

1.9 

IsW 

1.13 

Lft 

1.55 

LI 

1  LlM 

1.92 

Ll« 

LOS 

1.25 

LOS 

1.82 

L* 

LIS 

LA 

1.12 

LO 

LW 

\.7 

l.« 

L42 

1.08 

.«& 

LC 

L(t2 

1.^ 

L32 

1.05       .» 

1.45 

taa 

L13 

L3ft 

LO       LO 

L3 

LCi 

1.05 

L28 

LO       LO 

L3 

L^ 

Kfla 

L22 

L18     LOS 

LK 

1.4 

1.0 

L18 

2.3       L02 

1.4 

l.ffl 

LO 

L12 

L05     LO 

3.4 

\.^ 

t.O 

LI 

\.m    r.o 

3.08 

L7 

.m 

L06' 

L«     1.0 

22 

L4S 

.n 

LOS 

L4a     LO 

22 

hn 

1.73 

LO 

LSa     LOS 

212 

LIS 

1.65 

LO 

%m   LOS 

215 

1.15 

L45 

LO 

L«5     LOi 

l.# 

LIS 

L35 

LO 

LT2     L 

l.» 

1.2 

LI 

.05 

X.ta     L55 

2« 

K45 

L12 

.»5 

1.^     LOS 

l.W 

L3S 

1.08 

L5 

1.75 

l,l» 
I.  Vi 

L  15 

1.1 

1.1 


lis  I 


1.1 

2.22  ,  l.a5 

2.25  1  1.(15  ' 

1.95  I  1.05  ' 

1.8     ,  1.1     , 


1  7''  ' 

1.  1 

1 

1                         

1  75  1 

11                             1'    '       1 

1.  1     '                        1                   

1  ■*     1 

1  05  '                          1 

1.  >i2   1 

l.()2  1         ..              1            '     

1            ' 

\"'2-,    1 1 

1            1                        ■    . .. 

1  *> 

I..3:. 

i 

■      1 

i.:r.  ' 1 • 

i.;j.s 

1.4                   ;        1 

13                              !                  '•   ... 

1                ' 

\.\K1 ' 1 

i.:w  '     .i;:: ,  -• 

1.25    1 1 

1. 2      ' I     ... 

'■^ : • 1 

, ! , 1 

STREAM  flow:  GEOBGES  CBEEK. 
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Rating  tabUsfnr  Georges  Creek  at  Westemport,  Md. 

MAY  4.  19a'>.  TO  JITNE  6,  1905.a 


S^l.    I>J«-harge. 

Second- feet. 
22 
29 

:« 

50 


Gage 
height. 


Discharge. 


I 


F€€t.  Sfctrnd-feet} 
1.60  66 

1.70  87 

1.80  112 


Oaee 
height. 

Discharge. 

he'i^t. 

Feet. 

Second-feet. 

Feet. 

0.90 

5 

1.60 

1.00 

8 

1.70 

1.10 

11 

i.so 

1.20 

15 

1.90 

1.30 

20 

2.00 

1.40 

27 

2.10 

1.50 

36 

2.20 

JT'NE  7  TO  SEPTEMBER  10,  1905.* 


Discharge. 


Second-ftet. 

48 

I  ^ 

84 

i  108 

137 
I  170 

208 


SEPTEMBER  11,  19a>.  TO  JULY  15,  1906. c 


Gage 
height. 

Discharge.!    ^«^,. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.30 

252    , 

3.00 

iOO 

2.40 

301 

3.10 

780 

2.  ,50 

355 

1 

3.20 

865 

2.60 

415 

. 

3.30 

955 

2.70 

1             480 

1 

3.40 

1.045 

2.80 

660 

3.50 

1,140 

2.90 

1             62.. 

1 

0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 


10 

1.70 

15 

1.80 

21 

1.90 

29 

2.00 

39 

2.10 

52 

2.20 

69 

2.30 

90 

2.40 

115 

2.50 

145 

2.60 

180 

2.70 

220 

2.80 

26,5 

2.90 

31.') 

3.00 

370 

3.10 

430     , 

.3.20 

495 

3.30 

1.1.50 

660 

3.40 

1.250 

630 

3.50 

1,350 

705 

3.60 

1.4.55 

785 

1        3.70 

1,.560 

870 

3.80 

1,670 

960 

1        3.90 

1.780 

l.ftV) 

,        4.00 

1,896 

is  table  In  based  on  one  fli.Heharg«»  ni(*asun»ment  made  during  1905  and  the  form  of  the  19Wi  curve. 

ot  well  defined. 

is  table  is  based  on  thnv  discharge  nn'asun'menls  made  during  1905  and  the  form  of  the  1906  curve. 

lirly  well  defintKl  t)etwwn  gage  heights  1.5  f«'et  and  2.0  feet. 

is  table  is  strictly  applicable  only  for  opi»n-<"hannel  conditions.    It  is  baaed  on  five  discharge  meas- 

nts  made  during  1905  and  1906.    It  i.s  fairly  well  defined  between  gage  heights  1.3  foet  and  3.5  feet. 

Estiinateil  monihlij  discharge  of  Georges  Creek  at  Westemport,  Md. 
[Drainage  area,  76  squart>.  miles.] 


Month. 


-31 

KJ05. 

IG 

154 

1.092 

t 

(« 

nl)er 

.528 

pr 

:J70 

iber, . . . 

102 

il)er 

1.250 

rv 

190<i. 

1.131 

11  rv 

145 

1  ;UK) 

1 .  0M\ 

.                       :n.5 

;i4-2 

-15 

•)7 

cone 

l-feet. 

Run-off. 

Lijn. 

Moan. 

Second-feet 

per 
square  mile. 

Depth  in 
inches. 

- 

26 

44.8 

0.589 

0.613 

15 

45.7 

.Wl 

.670 

13 

127 

1.67 

1.92 

6 

15.1 

.199 

.229 

8 

46.4 

.611 

.682 

12 

65.8 

.m\ 

998 

12 

Xi.S 

.445 

.496 

39 

267 

3.51 

4.05 

80 

320 

4.21 

4.85 

X) 

71.2 

.W7 

.  976 

42 

2(i0 

X  42 

.194 

115 

MH 

4.  *»7 

5.54 

21 

H.S.0 

1.09 

1.26 

21) 

<»1.4 

1.20 

1.34 

16 

20.  S 

.274 

.153 
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WILLS  ORSXK  AT  OUKBERLAHB,   HD. 

Wills  Creek  rises  on  the  western  slope  of  Savage  Mountain, 
southeastern  part  of  Somerset  County,  Pa.,  and  flows  northwe 
to  Mance,  eastward  to  Iljiidman,  Pa.,  and  southw^ard  to  Cunib 
Md.,  where  it  enters  North  Branch  of  Potomac  River.  Its  le 
about  25  miles. 

The  gaging  station  w^as  established  May  5,  1905,  and  was 
tinued  July  15,  1906.     It  is  located  at  the  highway  bridge  at  th( 
end  of  '*The  Narrows,"  Cumberland,  Md. 

The  channel  is  straight  for  200  feet  above  and  500  feet  l)el 
station.  The  current  is  fairly  swift.  Both  banks  are  high  and 
overflow.  The  bed  of  the  stream  is  rocky,  very  rough,  and  pern 
There  are  two  channels  at  all  but  very  low  stages. 

Discharge  measurements  were  made  from  the  downstream 
the  two-vspan  ]>ridge  to  which  the  gage  is  fastened.     The  initia 
for  soundings  is  the  face  of  the  right  abutment. 

A  standard  chain  gage  is  fastened  to  the  downstream  side 
bridge,  near  the  middle  of  the  right  vspan.  The  length  of  tlu 
from  the  end  of  the  weight  to  the  marker  is  26.98  feet.  The  ga 
read  twice  each  day  b>^  II.  E.  McKenzie.  Bench  mark  No. 
square  chisel  draft  tm  the  top  of  the  bridge-seat  stone  at  the 
stream  side  of  the  right  abutment.  Its  elevation  is  21.88  feet 
the  datum  of  the  gage.  Bench  mark  No.  2  is  the  top  of  the 
wheel  of  the  gage.  Its  elevation  was  26. Go  feet  above  the  dai 
the  gage  March  17,  1906. 

Estimates  are  considered  to  he  within  5  per  cent  of  the  tni 
lee  conditions  probably  did  not  ad'ect  tlie  lh)W  during  the  wir 
1905-6. 

hiachanjc.  imrisKrcincnts  of  Wil/s  ('/(cl:  (it  ('unibtrlanfl,  Md. 


Dutv 


;,<•■«;    ii.iseharK...'  l-.,,..  ^^«^ 


\\M)r).                       1      F(ft.      Srco7ul-f(r(.                         I'.MHi.                       '  Fret. 

April  17 4.2()                 2:^      Manli  17 4.  t)l 

Mav  <) .172                  i;fl)       April  2 «J.  .T2 

.Tiin<»H 4.22                  2ls       April  10 «)  (r> 

NovcnilMT  0 3.  Tws                 i;tt)       A  i)ril  1 1 ;».  >S 

M!»v2t. 3.27 
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DaUy  gage  height  ^  in  feet y  of  Wills  Creth  at  Cumberland^  Md. 


I 

iitR  192—07 5 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.   Nov. 

^  1 

Doc. 

1905. 
I 

I 

a72    a65 

a96     4.0 

a82    a75 

a  7     a  06 
a68  '  a6 

ae     a58 

4.2       6.58 
4.25  1  6.7 
4.05     5.7 
ao       6.42 

6. 2       5. 05 
5.  42  1  4. 7 
4.88     4.6 
4.48     4.98 
4.25     4.58 

4. 52     4. 32 
a  9    1  4.1 
a  9      a  85 
3. 9       .1.  «2 

a55 
a  46 
a4 
a  3 
a3 

a28 
a2 
a  18 
a  15 
a  06 

ai 
a  8 
a48 
a45 

6.85 

4.85 
4.35 
4.02 
a  85 
a  72 

a  68 

a  52 
a  42 
a  32 

5.1 

4.58 
4.18 
a  98 

a  82. 

4.08 
a  72 

a  62 
a55 

a  6 

a66 

a46 

a  38 
a  32 
a22 
a  2 
a  18 

5.26 
6.0 

ao6 
a  2 
a36 
as 
a  18 

a  08 

ao 

ao 

ao 

ao 

4.05 
4  n 

1 
a92     4.52 

2 

as       4.38 

3..                                

a  76     7.08 
a  75     6  22 

4 

5 

3. 65     5. 46 

6 

.7 

4.0 

3.82 

3.8 

3.8 

3.8 
4.08 
3  98 

a  66     5.02 

7...  ,             .  ............. 

a66     4.7 

8.  ,                           

ae     4.5 

a  6      4.38 

9 ,.... 

10 

::::::i:::::: 

a55     4.26 

11 

3.5       4.05 

12 

! 

3  45     4.02 

13 

4. 6       3. 72 
4. 15     a  .Vi 

a 42    aos 

14 

4.06 
6.42 

5.08 

4.85 

4.6 

4.45 

4.28 

4.1 
4.0 
3  92 

a4     as 

15 

::::::  ::::::i:;::::::::: 

a  98 
a82 

a42 

.^4 

a  36     3. 66 

16 

1             ! 

a38  1  a42 

17 

a72  '  3.32 

a78  1  a3 
a68    a3 

a  56     5. 15 
a45     4.65 

a  4   i  4  .iR 

a  45     3.32 

18 





3.4       a  68 

19 1  .   .        . 

a36   a92 

20 1 

a  7 
4.05 

4.26 

as     a  76 

21 

i 

3.26     6.6 

22 

4. 16  ■■.  a  ^ 

4  32  1  4  -t^ 

a  2       6. 25 

23... 

1 

a  32 
a  28 
a  18 

a  16 

ai 

ai 

ao6 

ao6 

4.16 
4.02 

a9 

4.46 
4.25 
4.18 

3.26     5  8 

24 

.."  **• 

3.82 
3.72 

a  62 
3.98 
3.7 

4.45 
4.5* 

4.38 

a98 
as 

.1  nR 

as    {5.32 

a  35    5.0 

25 

26 

1 

as 
a25 

4.76 

27 

4.  3    ,  3. 6 
4.02  '  ^  rA 

4.56 

28 

!!;."!. .;.:!i....'; 

4.36 

29 

1 

a  52 
a  52 

4.02 
4.25 
4.18 
4.08 
4.0 

4.0 
a  9 

a  88 
a  8 
a  8 

as 
a  75 
a  7 
a«v5 
a  6 

aw 
a  6 

3.  52 

a  48 
a45 

3.  45 

a  4 
a  4 
aa5 
a  3 

a  3 
a  5 
a  9 
a  65 
a  55 
a  4 

a  5 
a  48 
a  38 
a  3 

3.5 

ao 
a  86 
a  65 

a  35 
a  3 
a  25 
a  25 

.T2 

4. 12     ii- 1 

6.22 

30....                                       '      ■ 

4.02 
4.0 

4.88 

5  05 

31 ! 

"[•••••••••I 

4.65 

1906. 

4.45 
4.25 
4.45 
5.95 
5.78 

5.5 

5.12 

4.95 

4.65 

4.38 

4.32 

4.45 

4.42 

4.4 

4.45 

4.7 

5.0 

4.88 

5.1 

5.02 

5.12 

5.25 

7.3 

6.95 

5.88 

5.48 
5  08 

4.25 

4.05 

3.7 

4.02 

4.02 

a7 

3.6 
3.68 
3.75 
3.75 

3.7 

3.7 

3.6 

3.68 

3.65 

3.6 

3.55 

3.5 

3.5 

3.5 

3.7 

3.68 

3.58 

3.55 

3.65 

3.5 
3.5 
3.  5 



3.5 
3.5 
4.15 
5.25 

.« 

4.25 
4.25 
4.3 
4.22 

4.18 

4.12 
4.08 
4.02 
4.05 
4.05 

4.1 
4.1 

\.\ 

4.18 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 

6.1 

7. 7 

7.2 

7.05 

7.0 

6.7 
6.3 
6.3 
0.2 
6.32 

6.32 

5.45 

5.3 

5.6 

6.0 

5.9 

5.6 

5.42 

5.1 

0.3 

5.92 
5.  58 
5.32 
5. 02 

4. 88 

4.72 
4.»« 
4.  62 
4.  52 
4.5 

4.4,5 

4.4 

4.32 

4.22 

4.12 

2 

3.... 

4... 

i               1 

5 

1 

6.. 

a  65  1  a  18 

6.6       a  15 

5. 5     a  1 

4  75     .1  OK 

1 

7...       

i 

8....            

1 

9... 

1 

10..    

4.3 
4.0 

a  8 
a  78 
a  72 
z.m 

a  6 

3  55 

a  05 

a  05 
a  18 
a  08 
a  02 

1 

11... 

12..         

13...    

1 

14...  

15...    

1 

16.. 

' 

17.. 

1 

18..  

a  62 

a  85 
ay 

3  88 

1 

19..; 

20..   

.... 

1 

21.. 

'"l 

22.   

a  78 
a  78 

a  7 
a  58 

a  52 
a  5 
a55 
a  5 
a  38 

|------|------ 

1 

23.     

1 1 1 

24.    

1          J.     .   . 

1 

25..   

1 : ::: 

1 

26. 

1  _ 

1 

27.    

i 1 1 i 

28. 

4.9 
4.75 
IS.-) 
4.42 

1 i"""::'r::::" 

29.   

1 1 1 

1 

30     

1      1 

i 

31.   

1 
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Rntiiuj  table  for  WiU^t  Oeek  at  Cumberland,  Md.,from  May  6, 19a5,  to  July  14, 190S* 


hl;^t. 

UlwhaiXP.  ■! 

F^rt. 

Second-/ert.\ 

:i.  (K) 

30    ■ 

;iio 

38    ' 

:i20 

48    '' 

a3o 

00    ': 

:i4o 

73    I 

a/io 

88 

a  00 

104 

:i7o 

122    ' 

3.  HO 

142    ' 

3.90 

104    > 

4.00 

188 

4.10 

214     ' 

4.20 

241      ' 

■ 

lieight. 

Fert. 
4. 30 
4.40 
4.50 
4.(11) 
4.70 
4.80 
4.90 
5l00 
5l10 
5l20 
5.30 
5.40 
5.5 


l>i8cbaiiKe. 


Second-f^t. 

301 
334 
368 
404 
442 
482 
625 
570 
620 
675 
735 
795 


hi'i^t. 

i^iSt. 

DlMI^K^ 

f.       Fetl. 

&01 

i'--^ 

iTO 

«3D    ' 

dvo 

^Iffi 

fliW 

1.QQ6 

7.00 

2,215 

.:     ^vo 

1,065 

7,10 

1,413 

€L00 

i,m 

7.30 

im 

„        fi,lO 

1,» 

7.30 

2.731 

'        (^20 

hm 

7.40 

ZflJO 

1x30 

hm 

7.  SO 

3.090 

1x40 

IpSOO 

j.m 

3,170 

^m 

1,870 

7.70 

,1.330    ' 

fi.eo 

1,7«5 

T.» 

3,480 

<k70 

h\m 

T.W 

^m 

a  This  t«bIo  is  strictly  applicahlo  only  for  open-channel  conditions.    It  is  txased  on  nine  disrharp 
measurements  mu<ic  during  19a'>  tind  1906.    It  is  well  deflned  between  gage  hetghts  3.0  feet  and  6.5 feet. 

Estimated  monthhf  d'lHcharge  of  Will*  Greek  at  Ow/nbtrhmd,  Md. 
[DrHiimp"  area,  240  square  miles.] 


Discharge  in  second-feet. 


Month. 


!  Maximum. ,  Minimum. !    Mean. 


Run-off. 


Second-feet  \  Tw»rf>.  in 
per  square '^W^-'° 
mile.       I 


inches. 


Mav  6^1 

19a5. 

1 
747  1 

91  i 
104  < 
96' 
36  < 
34 
30  ' 
48 
63 

2.>0 

88 
8{< 
219 
00 
m  ' 
■A'2 

- 

221 
372 
353 
174 

128 
149 
115 
529 

637 
122 
626 
806 
126 
207 
44.6 

■ 

0.921 

1.13 

1.47 
.725 
.533 
.621 
.479 

2.20 

2.6.1 
.,508 

2.61 

3.36 
.r»2S 
.862 
.186 

0.S91 

Juiic 

Julv 

Aujfust 

SoptvnilHT. . 

l.S-W  1 

i.9a5 1 

l.Oto 

647 

1.36 
1.70 
.8» 
.oU5 

OctolxT 

"><« 

.716 

N'ovrinlMT. . 

570 

.5W 

Detcmlwr... 

Jaiuiury 

Fehniary . . . 
March 

IIJOO. 

2.407  1 

2. 72t» 

2.Y.  , 

3.040  ■ 

2.54 
3.01 

April. 

I,'.HX')  ' 

'i.:^ 

May 

Juiie 

July  1-14 .... 

2.V>  ' 

1 .  7S'> 

fR".  ' 

.097 

NORTH  BRANCH  OF  POTOMAC  RIVER  AT  CTJHBERLANI),  HD.  a 

(fapo-hoitrht  records  wero  ohtaiiuHl  at   this  station  from  tiiine  11, 
1S04,  to  Noveinhor  20,  1X07.     Tlio  irnvro  ^vas  locatod  about  1,000  feet 
below  the  mouth  of  Wills  Creek  and  consisted  of  a  vertical  rod  10  feet 
lon^,  bolted  to  the  east  side  of  the  abutment  of  the  head-ji:ate  of  the 
eastern  feeder  of  the  (^hesapeake  and  Ohio  Canal,  just  above  the  diver- 
sion dam.     The  top  of  the  rod,  or  the  10. 00-foot  mark,  was  5.40  feet 
below  the  top  of  the  abutment.     The  crest  of  the  dam  was  at  elevation 
about  2.65  feet  above  the  datum  of  the  ^iv^jco,  luMice  for  stages  belo^v' 
that  f)oint  no  water  passed  the  tijaghifi:  section,  which  was  below  th^ 
dam,  all  flow  being  diverted  to  the  canal.     Discliarge  measurements  oi 
the  river  were  made  from  the  West  Virginia  Central  Railroad  bridge  t 
about  200  yards  below  the  dam.     The  channel  is  straight  lK)th  abov^ 


ti  Kor  (iostriptlon  of  Wwithor  IJunuiu  .station  niHlnUtiiKHl  at  this  i)<>int  s«h;  p.  42. 
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and  below  the  bridge.  The  left  bank  does  not  overflow ;  the  right  bank 
is  liable  to  overflow  at  times  of  high  water.  The  bed  of  the  stream  is 
composed  of  bowlders  and  loose  rocks  and  is  not  liable  to  change.  At 
high  water  the  section  is  fairiy  smooth  and  the  velocity  high.  At  low 
water  rocks,  riffles,  and  angular  currents  appear,  making  it  difficult  to 
obtain  accurate  discharge  measurements.  Measurements  of  the  canal 
feeders  were  also  made  near  the  head-gates. 

All  estimates  previously  published  for  this  station  have  been  revised. 
The  monthly  discharge  as  given  in  the  accompanying  table  is  for  the 
section  at  the  bridge  only,  the  flow  diverted  to  the  canal  feeders  not 
being  included,  as  it  is  an  uncertain  function  of  the  total  discharge  of 
the  river.  (See  discharge  measurements.)  No  statement  of  the  run- 
off is  given,  because  the  flow  in  the  canal  is  a  large  percentage  of  the 
total  run-off  of  the  drainage  basin  above  Cumberland. 

Owing  to  the  poor  conditions  at  this  station  the  measurements  plot 
somewhat  erratically,  but  since  the  rating  curve  is  defined  by  a  large 
number  of  measurements  the  monthly  estimates  which  are  based  on 
it  are  probably  within  10  per  cent  of  the  true  results  for  normal  con- 
ditions of  flow  above  gage  height  3.0  feet.  Estimates  for  stages  below 
3.0  feet  are  somewhat  uncertain.  Ice  conditions  at  this  station  were 
not  recorded  by  the  observer.  It  is  probable,  however,  that  ice  col- 
lecting at  the  crest  of  the  dam  may  at  times  have  affected  the  gage 
heights,  and  hence  the  estimates. 

Discharge  metuturements  of  North  Branch  of  Potomac  River  at  (Cumberland j  Md. 


Date. 

hei^. 

Diflchaige 
of  river. 

DiseharKe 
of  canal 
feeders. 

.     Date. 

Qaffe 
height. 

Discharge 
of  river. 

Discharge 
of  canal 
feeders. 

1804. 
May  24. 

Feet, 

Second^eet. 
3,037 

Secondrfeet. 

1896. 

June  24 

August  6 

November  18.. 

1897. 
February  10... 

March  27 

June  25 

September  1 . . . 
September  22. . 

1898. 
May  12 

Fret, 
a31 

aso 

3.38 

3.75 
a93 

aoo 

21  CO 
2.70 

aso 

Second-feet. 
696 
552 
548 

1,307 

1,971 

280 

0 

7 

1    AM 

Secondrfeet. 
126 

1805. 

4.50 
5.40 

aao 
a  75 

3.40 

a40 

2.95 

a  10 
aoo 
ao5 

3,446 
6,054 
630 
1,728 
777 
831 
216 
530 
149 
266 

54 
217 

April  10 

April  25 

limy  3, 

24 

May  9 

136 

May  23. 

45 
40 
79 
38 
79 

86 

Jane  5 

85 

Jiioe6 

JtmelS 

July  17.. 
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Daily  gage  height  ^  inftei^  of  North  Branch  of  Potomac  River  at  Cumberland,  Md. 


Day. 


7. 

8. 

10. 


11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 


22., 
23. 
24. 
25. 

26. 
27. 
28., 
29. 
30. 
31. 


Jan.  Feb. '  M&r. 


1 

so 

2 3-0 

'A         

;i0 

4 

3  0 

3.0 

f) 

3.  I 

4.8 

8 

(i.  0 

9 4.8 

10 

4.7 

11 

4.1 

12                                        -    -              3.8 

i;{     

3. 5 

14 

15 

3. 5 

3  5 

10 

17 

3.9 

3  9 

18 

10 

20 

3.9 

3.8 

'     ;i  8 

21 

22 

1     3.9 

'     4.0 

23 

1     4. 0 

24 

1     3.7 

25 

ao 

26 

27     

a5 

3. 5 

28 

'     3.4 

2'.^ 

3.4 

:«) 

3.7 

31 

3. 7 

:i  0 

3.0 

:i5 

3.  5 
3.5 

3.5 
3.  5 
3.  5 
3.5 
3.5 

3.5 
3.4 
3,4 
3.4 
3.4 

3.3 
:i4 
3.4 
3.4 
.14 

3.4  ' 

3.4 

3.4 

3.4 

3.4 

3.6 
4.1 
5.0 


Apr. 


May. 


Joae.,  J  u]y. 


6.0 
.5.7 
4.9 
4.0 
4.2 


.■i8 


3.4 
3.  8 
3.  8 
.3.  0 

3.  (■) 


4.  0  3.  7  3.  4 

:\.  8  .3.  0  I  .3.  3 

.3.  8  .3.  8  I  3.  2 

4.  2  5.  (i  .3.  4 

4. 0  5.  5  3.  2 


4.0 
3.8 
3.8 
4.5 

4.8 


4.7 

4.5 
4.3 
4.1 

.3.8 
a7  ' 
.3.7 
3.7 
3.7, 

4.5 
4.3 
4.3 
5.1 
4.5 
4.5  ' 


4.7 
4.7 

;i9 

.3.8 
3.8 

3.  8 
3.8 
.'17 
3.  r. 
3.5 

14 

a  4 
.3.  3 
3.  3 
.12 

3.3 
.3.  3 
a  3 
a  3 
a  4 


a  2 
a  7 
a  7 
a  7 

3.  5 

a  3 
a  4 
a  4 
a  4 

3.  3 

a  4 
a  4 

.3.  4 
3.  4 
.3.  3  \ 

aol 
a  3  , 
a  2 
a  1  I 
ai  I 

3.1 


%4 
3.S 


ai 
ai 
a4 
a4 
as 

a  3 
a3 
a  3 
a  2 
ao 


ao 
ao 
ao 

2. 9 
2. 9 

ao 
ao 
ao 

2.  9 


2.  S 
2.8 
.3.  3 

3.  3 


3.  2 
.3.  I 

ao 
ao 


ao 

.3.  0 

ao 

2.«>  I 

ao 
ao 

3.  3 
.3.  2 

ao 


%9 
£.» 
2.V 

xs 

IB 

as 
as 

2.7 

%^ 
%7 

2.G 


S3  %B 

a  ^ 

as  2.3 

as  2.2 

a  2  2.0 


Aug.  Sept. I  Oct.  Nov.  P 


1.9 
1.5 
2.0 

ao 
ao 


%^ 


Z9 


ai 

a2  I 
a  2  I 
a2  I 
a3 
a7| 

a  4  ! 
a  2 

3.  2 
.3.  .3 
.3.  .3 

.3.  3 
.3.  0 

ao 


2.8  j 

2.9  I 
2.9  ' 
2.  8 


3.1 

ai 
a» 

as 

as 
afl 
as 

ai 

ao 
ai 
ao 
ao 
ao 

at 
as 

Z7 

ao 

1.9 

1.9 
2.5 

ao 
as 
as 

as 

1.9 

i.s 

1.3 
1.0 


as 
a  7 
a  7 
a  7 
a  7 

a  6 
a  6 
a  6 
a  5 
a  5 

a  4 

2.4 

a  4 
a  3 


2.1  I 

ao  ■ 

1.9  I 
1.8  , 
1.7  i 

1.0  j 

1.3 

1.2 

1.1 

1.0 


0.7 
.5 
.6 
.6 
.5 


1.0 

I:?  I 

1.1 

1.1 

1.0 
1.0 
1.2 
1.2 
1.3 

1.4' 

1.7 

a9 
a9 

ai  I 


a2 
a2 
a9 
a  9 
as 

a7 
a? 
as 
ao 
1.8 


1.0' 
1.0  I 
1.0  I 

-.1 


.8  , 
.8  ' 
-7  ' 
.5 

.5 

.6 ; 

L2 
1.0  1 


.9 

.91 

.8 

.7 

.5 

.4 

.3 
.2 
.1 


1.7 

ao 
as  1 
a7 
as 

as  , 

1.5 

1.6  , 
1.9  ' 


ao 
as 
as 
ao 
a9  I 

ao 
ao 
ao 
ai 
ai 


•^0 
ao 

1    a -J 
ai  1 

a9 

ai 

a9 

ai 

a9 

ao 

a9 

ao 

a9 

ao    : 

a9 

ao    ; 

as 

as 

as 

a3     : 

a7 

ai    ; 

a7 

ao    ; 

a7 

ao    : 

a  2 

ao'  : 

1.9 

32    ; 

1.8 

ai 

1.7 

ao    : 

1.7 

ao    : 

1.7 

ao    ' 

1.7 

ao    ^ 

ao 

a  Water  surfiice  l)clow  gage  zero  SoptemlKT  25  to  Dt'CfiiilMT  21.  1895. 
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age  height,  in  feet,  of  North  Branch  of  Potomac  River  at  Cumberiand,  Md. — Cont'd. 


Day. 


I  Jan.  I  Feb.  |  Mar.    Apr.   May.  June.  July. 


1S9«>. 


2.9  I 
2.9  ' 

ao 

2.9 

2.9  j 

2.9 
2.9  I 
2.9 
2.9  , 
2.9 

2.9 
3.0 

ao  i 

3.0 
3.0 

ao 

3.0 
3.0 
2.9 
2.9 


3.3 
3.1 

ao 
ao 

a?  ! 

4.2 


a2  . 
a  2 
a  3 
a  3 

4.0 

4.0  I 
a? 
a  4 
a  3 

3.4 

a  2 
a  2 
a  2 
a  2 
a  2 


a  2 
a4 
a? 
a.*) 
a  4 


a  4 
as 
a  4 
a  4 

3.  3 
3.  3 

a .{ 

3.3 
3.  3 
3.  3 


4.6 
4.8 
4.0 

as 
as  ; 

as  I 

4.5 

a9 
ao 
a4 

ai 
a  3  , 

4.9 
4.1 

as  ' 

as 
as 
as  , 
a2  ' 

a2  ■ 


ao  1 

a  2 

a? 

ao 

a2 

a? 

ao 

a  3 

4.0 

ai 

ai 

a9 

as 

a3 

a? 

a9 

3.7  ; 

ao  , 
a  3  1 
ai 

3.1 

ai  I 
ae 
a4 
as 

a  3 
a  4 
ai 
ai 
a  I 

a  2 
a3 
a3 
as 
ae 


a3 
a3 
a2 
a? 


a  4  : 

as 

ao 

a4 

a4, 

as  1 

4.S 

4.2  I 
4.0  ' 

a? 

as  I 
a  7 

4.0 
4.2 

4.7 

4.5 
5.0 

4.8  i 

as 
as 

10.  5 

8.7 

r..  2 

5.1 

4.5 
4.3 
4.0 


4.0 
S.0 
4.5 
5.8 
8.0 
6.0 


4.0 

as  I 
a9 

5.2 
4.9 

6.0 
5.0 
4.4 
4.6 
4.2 

4.0 
4.0 

a9 
as 

4.0 


5.0 
4.S 
4.4 
4.2 

as 

as 
a? 
a7 
a? 
a? 

a7 

4.3 
4.3 
4.1 

a  9 

as 
as 
a  7 
as 
as 

as 
as 
a  3 
a4 
as 

as 
as 
as 
as 
a4 


4.6  ' 
4.2 

4.0 
4.2  I 
4.1 

4.0  I 

a '.I  ' 

as  I 
a?  I 
.-{.  .1  j 


as 
a4 
a4 
a7 

as 

a  7 
a6 

5.2 
5.4 
4.5 

4.5 
4.1 
4.0 

as 
a9 


as  I  a 9 

a7  i  a 7 

4.0  I  a  7 

4.  5  3.  6 

4.  8  ,  a  7 


as 
a  3 
a  3 
a  3 

a2| 

3.  1   ' 

ao  ] 

ao 

ao 
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Raiing  tabU  for  North  Brmuh  tf  PoUmae  River  at  OmmherUmi,  Mi.,  from  Jum  II, 

1894,  to  November  tO,  ISSrr.m 


__l 

^, 

Dlaobaiik. 

>& 

Midiuit. 

MH^ 

F^. 

^COMdAtf 

Fm. 

■-tsf'^ 

1 

1      i^lpe*. 

5«aMNlnr« 

3L6S 

0  : 

110 

1.& 

4>» 

&eo 

i^ 

3.7D 

T 

3.» 

Lmo 

4,W 

*,W0 

•.00 

3.00 

TO 

1.V0 

i.sao 

5.00 

4.SB0 

A^dft 

Mi 

f,m 

m 

4.00 

2.1»l 

5.10 

5,U0 

T.W 

»Im» 

3.00 

1         m 

4.1Q 

2.m 

fi.aD 

fi^ifiO 

r.» 

itiB 

a,  10 

3sa  '■ 

4.30 

2.040 

ikao 

5.7fi0 

i.ao 

H^«e» 

3.30 

1         ^  1 

4.30 

2,900 

A.40 

m 

t-OO 

»^« 

$.30 

a» 

4.40 

3,170 

0^10 

0.00 

ii,» 

3.40 

no  1 

4.«0 

3,440 

&« 

^m 

HfiO 

Sm 

XAO 

UBD     1 

4.M 

a,Tao 

1.10 

i&«) 

S« 

3.00 

i,im  '■ 

4,70 

4,flOO 

1     ft.» 

7,m 

mm 

i              1 

' 

-m 

1 > _^^— 

•  This  Uhle  It  ttrtcUy  an>Ucab1e  onlv  for  oottHAuaatl 

meaMiremenU  nuMle  during  I805-I8B6.    It  It  UAHy  wtHdet 

feet.    Below  M  feet  It  Is  unoertftln.    The  extansion  abore  ftJ  laet  It 


—  It  It -bMtd  OB  SO  dWhvie 
psen  flwAlitlslrtt &0 tottiidU 
protabl^  liUily  aeoimte. 


Estimated  monthly  discharge  of  North  Branch  of  Potomac  River  at  Cumberland,  Mi.^ 


Month. 


Discharge  in  second-feet. 


1804. 
Juno  11-30 . 

July 

August....' 
September . 
October . . . 
November . 
December . . 


1805. 
January . . . 
February  .. 

March 

April 

May 

June 

July 

August 

SeptembiT . 
Octolwr . . . 
November . 
December . . 


The  year.. 


Maximum. 

Minimum. 

Mean. 

!             9C0 

350 

A.V 

!             235 

0 

56.5 

1             350 

0 

77.5 

480 

0 

oas 

235 

0 

47.0 

090 

0 

323 

1           4,000 

135 

547 

'           7,000 

235 

1.069 

!           4.860 

630 

1.009 

7.000 

1.420 

3.094 

6.660 

480 

1,810 

1,650 

350 

853 

1               630 

50 

267 

1,420 

t 

348 

50 

0 

2.5 

0 

0 

0 

0 

0 

0 

!                   « 

0 

0 

1               480 

0 

71.3 

j           7,900 

_ « 

768 

1 

MontlL 


MtQiMtfVB  In  aieond^Bft. 


I  January .. 
February. 
March.... 

June 


1  July. 

■  August 

Septemlx^r . 

October . . . 

Noveml)er . 

Decemlwr.. 


The  year.. 

1897. 

Januar>' 

Febmar\' 

March.: 

April 

May 

June 

July 

August 

8epti»ml)er 

October 

Novoml)er  1-20  . 


S.MO 

135 

A,m 

880 

14,000 

»8 

4.800 

6» 

a.440 

135 

2,380 

480 

a,  100 

135 

1,600 

50 

a,  100 

0 

6,890 

135  1 

6,890 

390, 

1,420 

350  ' 

22,100 

.           ^ 

2,130 

24,100 

7,000 

6,050 

12,850 

235 

480 

900 

480 

7 

2.130 


480 

800 

1,200 

135, 

135 

0  ' 

0 

Oi 
0, 
0  ' 
501 


1.426 

2,0M 

1^700 

1,275 

927 

2,22* 

50S 

916 

820 

1.073 

627 

1,162 


801 
3,770 
2,704 
1.551 
2.15l> 

103 

132 

215 
5&6 
.45 

572 


*  These  estimates  do  npt  include  flow  in  cunai  ft»eder». 
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IBCELLANSOUS  DI80HAKOE  KEA8UREHEHT8  DT  KOETE  BRAKCH  OF  POTOMAC  RIVEK 

BASDf. 

rhe  following  miscellaneous  discharge  measurements  have  been 
tde  in  the  basin  of  North  Branch  of  Potomac  River: 

iscellaneotis  discharge  in^asurenients  in  North  Branch  of  Potomac  River  drainage  basin. 


1 

Oate. 

24,  1897 

23,1897 

17.1905 
16.  1905 

25,  1897 
16.1905 
25.1897 

25,1897 

27.1897 

27.1897 

27  1H97 

27,  1897 

28.  1897 

29   1897 
28,  1897 

28  1897 
28.  1897 

12,1898 

13.1898 
18,  1905 

25.1897 

28.1897 

Stream. 
Buffalo  Crw*k 

Locality. 

Width. 

Fret. 
15 

61 

67 
12 

2'.) 

45 

44 

l.i 

3«i 

45 

20 
13 

9 

9 

FO 

187 
22 

86 

86 
20 

14 

Area  of 
section. 

Mean 

vdoc- 

ity. 

Dis- 
charge. 

t 

At  mouth  near  Bayard.  W. 

Vh. 
Near  Gormania,  W.  Va 

do 

Sqtuire 

feet. 

12 

74 

'■^ 

30 
57 
100 

IJ 

62 

(:4 

7.5 

12 

13 

4.9 

110 

268 
10 

262 

262 
12 

9 

5 

Feet 
per  sec. 
1.92 

.73 

.58 
1.11 

1.27' 

1.37 

1.36 

.39 

1.97 
1.59 

.93 
.92 

.46 

.71 

1.15 

.52 
1.20 

1.45 

L40 
1.60 

2.33 

2.40 

Second- 
feet. 
o23 

t. 

North  Branch  of  Po- 
tomac River. 

....do 

DimcultCrwk 

Stony  Rivor 

do 

North  Branch  of  Po- 
tomac River. 

Abram  Creek 

North  Branch  of  Po- 
tomac River. 

do 

54 
38 

r 
t. 

t 

t. 
t. 

At  mouth.  4  miles  l>eiow  Gor- 
mania, W.  Va. 

200  yards  above  mouth  near 
Schell,  W.  Va. 

500  feet  above   bridge  near 
Gormania,  W.  Va. 

200  yards  above  mouth  of 
laurel    Run    near   Schell. 
W.  Va. 

100    yards    above    railroad 
bridge  near  Harrison,  W. 
Va. 

100  yards  above  mouth  of 
Savage  River  near  Bloom- 
ington.  Md. 

Above   mouth   of    Savage 
River    and    below    Balti- 
more   and    Ohio     R.     R. 
bridge  near  Bloomington. 
Md. 

Above  junction  with  North 
Branch  of  Potomac  River 
near  Bloomington.  Md. 

}    mile    above    mouth    and 
above  Piedmont  water  sup- 
ply intake  near  Blooming- 
ton, Md. 

At  Cumlierland  and  Pennsyl- 
vania    R.     R-     bridge, 
Westemport.  Md. 

150  yards  above  mouth  near 
Key«»r.  W.  Va. 

N(«r  Twenty-first,  Md 

Near  Gerstell.  Md 

Above  paper  mill  near  Cum- 
berland. Md. 

Pulp -mill  bridge,   Cumber- 
land, Md. 
do 

10 
38 
78 
136 

7.4 

122 

102 

t. 

t. 

r 

Savage  River 

do 

(Jeoi:ges  Crwk 

New  Ciwk 

67 
11 

6 
0  3.5 

r 

North  Branch  of  Po- 
tomac River. 

do 

Wills  Creek 

126 

138 
12 

r 

..do..    . 

381 

do 

368 

^ 

Town  Drain 

Mechanics    stn^ct    bridge. 
Cumlx'rland,  Md. 

200  yard.s  above  railroad  nea  r 
CunilM'rland.  Md. 

BHitimore  and   Ohio   R.    K 
bridge  near  Patt^Tson  De- 
pot. W.  Va. 

6  18 

t 

Evitta  Creek 

21 

t 

Patterson  Cnn^k 

12 

Increased  discharge  caused  by  rain  Sept.  23,  1897. 
Discharge  does  not  inchide  Piedmont  water  supply. 

Discharge  does  not  include  wat^r  pumpt'd  to  Baltimon^  and  Ohio  U.  K.  car  shops  ai.d  two  mills 
iprp  it  is  used  for  boiler  iw<\.    Creek  stated  to  W  exceptionally  low. 
'M^sured  at  7  a.  m.,  when  flow  was  '-irgely  house  s««wage. 


66  THE  POTOMAC  BIVER  BASIN. 

SOUTH  IJRANCII  OF  POTOMAC  RIVER  BASIX. 

oontKAL  Dssosipnoir.a 

The  bed  of  South  Branch  of  the  Potomac  is  mostly  coarse  gravel, 
the  banks  are  of  h)ose  sediment,  and  on  account  of  the  sudden  and 
local  swells  to  which  the  river  is  subject  the  channel  is  continually 
(^hanging.  At  no  places  are  there  falls  of  any  ma^tude.  The  slope 
of  the  stream  is  as  follows : 

Slo])e  of  South  Branch  of  Potomac  River. 


Distant     ^**^*- 


Locality.  i     from     1    .{^^" 


Distance  I  FaU  .  ^^-FT 
between  |  Iietween  iJ^lL, 
points.  I   points.      »^^ 


Mouth 

Opi>o.slto  Koniin'v . 

Mooivfield 

Petorsbiirg 


Milfg.    1 

1 
Feet.     1    IfiU*.    ! 

Fret. 

F(rt. 

ao  1 

127  1 

27S| 
375    » 

1 

1 

2».0 

127 

i3 

2».ti  , 

1 

24.0 

151 

U 

.w.«  , 

1 

12.0 

97 

Sil 

(i.'V. « 

1 

1 

SOUTH  B&AKCH  OF  POTOMAC    RIVER  HEAR  SPRIKOFIELD,  W.  VA. 

A  gaging  station  was  first  established  at  the  Baltimore  and  Ohio 
Railroad  bridge  3  miles  southwest  of  Springfield,  by  C.  C.  Babb,  June 
3,  1894.  The  channel  above  and  below  the  station  is  straight  and 
the  water  rather  swift.  The  banks  are  liable  to  overflow  at  times  of 
high  water.  The  bed  of  the  stream  is  composed  of  rock  and  gmvel 
and  is  probably  permanent.  A  wire  gage  34.00  feet  long  was  used. 
April  10,  1S95,  tlie  gage  datum  was  raised  1.00  foot.  The  bench 
mark  was  a  crovss  cut  in  a  broad  capstone  of  the  lower  wall  of  the 
north  abutment  of  tlie  bridge.  Its  elevation  was  28.18  feet  above 
gage  datum.  PVbruary  20,  1S9G,  this  station  was  discontinued  on 
account  of  difliculty  in  obtaining  an  observer. 

June  20,  1S99,  a  station  was  established  by  K.  G.  Paul  at  an  iron 
higliway  bridge  one-fourth  mile  from  (irace  Station  and  1 V  miles 
southwest  of  Springfield.  Tlie  channel  of  the  stream  at  this  point 
is  curved  and  the  current  too  sluggish  to  make  satisfactory  discharge 
measurements,  and  they  were  therefore*  made  at  the  lailroad  bridge 
where  tbe  station  was  originally  located,  11  miles  above.  A  wire  gagt? 
was  used  to  determine  the  stages  of  the  river.  February  2,  1902,  the 
highway  bridge  and  the  gage  were  carried  away  by  ice. 

August  28,  1903,  a  station  wa.s  established  by  K.  G.  Paul  at  th*^ 
steel  highway  bridge  2^  miles  east  of  Springfield.  It  was  discontinut*<i 
July  15,  1906. 

The  channel  is  straight  for  several  hundred  feet  above  and  belo'^^'' 
the  station.     Both  banks  are  liable  to  overflow  at  vcmv  high  stages  o^ 

o  AdditJoJiHl  infonnutlon  rolalinR  \o  ihVs  \»asu\  \s  v?^v^>^\  vm  vv."riA-*i2\\. 
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'.  river.  The  bed  of  the  stream  is  of  gravel  and  probably  subject 
some  changes  in  conditions  of  flow  from  time  to  time.  The  bridge 
s  two  spans  of  150  feet  each.  During  high  water  the  river  flows 
neath  both  spans,  but  at  low  stages  beneath  the  left  span  only. 
lere  is  a  small  island  just  above  and  also  one  below  the  station. 
Discharge  measiu'ements  were  made  from  the  bridge,  to  which  the 
;p:e  is  attached.  The  initial  point  for  soundings  is  the  river  face  of 
e  left  abutment  at  the  downstream  side  of  the  bridge. 
A  standard  chain  gage  is  located  in  the  center  of  the  left  span  on 
le  downstream  side  of  the  bridge.  The  length  of  the  chain  from  the 
id  of  the  weight  to  the  marker  is  37.59  feet.  The  gage  was  read 
vice  each  day  by  James  R.  Blue.  Bench  mark  No.  1  is  a  nail  in  a 
rge  sycamore  tree  15  feet  downstream  from  the  left  approach  to  the 
ridge.  The  nail  is  in  the  side  of  the  tree  away  from  the  river  and 
)out  6  feet  above  the  ground.  Its  elevation  is  18.80  feet  above  gage 
itum. 

The  estimates  given  below  for  the  station  at  the  railroad  bridge 
iring  1894  to  1896  are  essentially  the  same  as  previously  published, 
e  same  rating  curve  being  used.  Some  slight  changes  were  neces- 
n-.  however,  on  account  of  corrections  made  in  the  gage  heights. 
)  estimates  have  heretofore  been  made  for  stages  below  gage  height 
5  fe^t,  but  the  accompanying  table  was  extended  to  include  a  dis- 
arge  of  80  second-feet  at  gage  height  2.0  feet  (the  minimum  gage 
ight  in  1895),  on  the  assumption  that  the  minimum  discharge  of 
95  was  the  same  as  the  minimum  discharge  of  1904.  Comparisons 
1895  and  1904  minimums  at  other  stations  in  the  Potomac  River 
sin  Indicate  that  this  assumption  is  very  nearly  correct.  Estimates 
~  1894  to  1896  are  considered  to  be  wathin  10  per  cent  of  the  true 
^charge  for  normal  conditions  of  flow. 

Estimates  for  the  station  at  the  highway  bridge  during  1899  to 
02,  as  previously  published,  have  been  revised.  Estimates  for 
iges  between  4.0  feet  and  8.0  feet  are  probably  within  10  per 
It  of  the  true  discharge  for  normal  conditions  of  flow.  At  gage 
ight  3.0  feet  the  probable  error  may  be  as  high  as  20  per  cent, 
timates  for  stages  above  8.0  feet  are  somewhat  uncertain,  espe- 
lly  for  the  winter  months,  owing  to  occasional  ice  gorging  and 
ckwater  effects  at  this  station.  (See  measurement  made  Decem- 
'  31,  1901.)  However,  it  is  considered  that  the  probable  error  is 
5  than  25  per  cent  at  ga^jje  height  20  feet. 

Estimates  of  flow  corrected  for  the  effect  of  ice  conditions  during 
periods'from  1896  to  1902  have  been  made.  They  were  based  on 
omparison  of  the  flow  at  this  station  with  the  flow  at  other  sta- 
ns  in  the  Potomac  River  basin,  and  should  be  reasonably  close. 
<^sti mates  for  1903  to  1906  are  considered  to  be  within  5  per  cent  of 
true  discharge  below  gage  height  5.0  feet.     At   11.0  feet  the 
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error  may  be  as  high  as  20  per  cent.  They  are  the  same  as  those  pub- 
lished in  the  1905  report.  Estimates  for  1903  to  1906  wer«  not 
corrected  for  ice  conditions. 

A  summary  of  the  records  gives  the  following  results:  Maximum 
discharge  for  twenty-four  hours,  19,350  second-feet;  minimum  dis- 
charge for  twenty-four  hours,  78  second-feet;  mean  annual  discharge 
for  four  years,  1,311  second-feet;  mean  annual  rainfall  for  seven 
years,  33.94  inches. 

Discharge  measurements  of  South  Branch  of  Potomac  River  near  Springfiddy  W.  Va. 


DaU. 

Oase 
height. 

Discharge. 

1894. 
May31      

Feet. 
4.70 

*     5.90 
8.95 
4.20 
7.40 
5.25 
8.30 
3.90 
3.90 
3.47 
3.10 
3.10 
3.00 

4.40 
3.60 

3.40 
2.40 

4.00 

1 

Second-feet.  \ 

1,074  1 

2.049 
4,389 
968 
3.539 
1,588  1 
3,886 
710 
759  1 
586 
349  1 
378 
355 

1,058 

622  1 
133 

1895. 
March  29 

April  11 

April  26 

liay  3    

May9 

May  22 

June  4 

June  6  

June  14 

June  19 

July  16 

July  17 

1896. 
August  6 

November  18 

1897. 
June  25 

Septeraljer  2 

1899. 
J  une  2(>  o 

1 
617  i 

Date. 


Gage 
height. 


Dispbargr. 


1900. 
February  23  a.., 

June  20  a 

September  11  a.. 

1901. 

July  23a 

December  31  a.. 


1903. 


Feet. 
7.70 
J  7.00 


August  29. 

1904. 

September  9 

September  29  c.. 

1905. 

March  29 

April  24 

Junes 

November  6 


March  17  d. 
May  26. 


1906. 


4.50 
M1.50 


2.20 


2.00 
1.09 


4.48 
3.02 
3.11 
2.30 


4.50 
2.63 


Seamif-fut 

3.ae 

3.431 

1« 


S2 

5,i; 


2.2 

7 


1,9 

4 


a  Measurement  made  at  railroad  bridge;  gage  height  taken  from  gage  at  highway  bridge  near  Ore 
Station. 

b  Owing  to  ice  jam  below  the  station,  this  gage  height  is  about  2.6  feet  higher  than  for  normal  cod( 
tions  of  (Tow. 

c  By  wading  b«^low  station. 

d  Discharge  may  be  small  on  account  of  ice  about  the  meter  pivot. 


Daily  gage  height,  in  feet,  of  South  Branch  of  Potomac  River  near  Springfield,  W.  Va 


I, 
2. 

4. 

6. 

6. 
7,, 

9„ 

n. 

13. 
15.. 


Day. 


1894, fl 


Juoe.  July.  Kug.\  Sept.  Oct*  | 


,]  4,1 

,|4.l 

'  4.0 
J  4.5 
.  5.4 
J  5.0 
_   4.7 


3.1 
3.0 


3.2 
3.1 
2.8 

2.7 


3.0  i  2.6 
3.0  2,5 
3.0  I  2.S 
3.0  I 
2.9 


4,3 

a.a 

4.1 

2.K 

3.t    1 

2.8 

X«a 

2.7 

3.8 

3.8 

2.5 
2.5 


2.5 
a.5 
3.0 

2.T 

2.6 


a/7 

xe 

2,7 

4.1 

2.6 

3.§ 

2.f. 

3.5 

2,6 

3,3 

2.6 

3,1 

2.5 

3.0 

3.0 

2.9 

3.U 

2.9 

2.9 

2.S 

2,8 

4.2 

a.  8 

i.l 

2.7 

3.8 

2.7 

3.ti 

3.6 

.1.5 

3,1^ 

A  A 

Day. 


June,,  July. 


1A&4. 
S7,.. 

1 

3.fi 

18..,.,..,. 

1  3-fl5 

10.   ...   ... 

3,9 

50,. 

4,2 

21......... 

s.os 

23 ^ 

i 

23 

.  3.5 

24 

._ 3.1 

a,"} ,. 

....    3,4 

■; 

27 

.,    3.3 

as::::::::: 

........   3.4 

21*. ....... . 

.,,..,.,    3.25 

30 

.J  3.2 

m :. ^^.... 

f 

2.M 
3.0 
3.0 

2.8 

2.S 
2.1 

2.7 


Aug.   Sept    Oc 


2.5 
2.5 

2.8 
2.7 
2.7 

3.05 
2.6 
2.6 
2.6 
2,6 

2.*t 
2.7 
2  7 
2.7 
2.7 


2,6 
J.fl 
5.T 
^1 
4.6 

1.6 
3.3 
3.1 
3.1 
^0 

2.9 
2.9 
2.  J 
2-6 


a  1894  gage  heights  have  been  reduced  1.00  foot  to  the  now  datum  established  April  10,  IfiSS- 
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DaUy  gage  heighty  in  feet,  of  South  Branch  of  Potomac  River  near  Springjidd,  W.  Va.- 

Continuod. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I...^ 

7.7 
7.0 
6.8 
&8 

44 

42 
40 

a9 
as 

42 

a9 
as 
a7 
a5 

a4 

34 
33 
35 
35 

34 
34 
33 
32 

31 

30 
2.9 
2.9 
2.8 
30 

32 
44 

40 
37 
35 

48 
45 
42 
40 
38 

42 
39 
35 
39 
36 

34 
33 
.31 
30 
33 

31 
2.9 
2.9 
2.8 
2.8 

2.8 
2.7 
30 
32 
32 

33 
34 
32 
30 
2.9 
2.9 

31 
30 
30 
2.9 
2.7 

2.8 
2.7 
2.7 
2.7 
2.7 

2.7 
2.7 
2.6 
2.6 
2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.5 
2.5 
2.5 
2.5 
2.4 

2.4 
2.3 
2.3 
2.3 
2.3 
2.6 

2.5 
2.4 
2.4 
2.3 
2.3 

2.3 
2.3 

...... 

"Ho 

2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.1 
2.1 

2.0 
2.0 
2.0 
2.0 
2.1 
2.1 

2.5 
2.4 
2.4 
2.3 
2.5 

2.4 
2.4 
2.4 
2.4 
2.5 

2.4 
2.3 
2.3 
2.2 
2.2 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.5 
2.6 

2.5 

2 

.... 
............ 

2.4 

3..:: : 

2.3 

4 

2.3 

5 

2.3 

6 

2.3 

7 - 

' 

2.3 

8 1 

2.3 

9 1  



&2 
&4 

5l1 
5.7 
&8 
&2 
&2 

&0 
&9 
6.2 
&4 
&0 

&8 
7.9 
7.6 
&6 
&2 

&8 
&5 
&4 
&0 
47 
45 

2.4 

10 ! 

, 

2.4 

„ ! 

a»5 

7.5 
7.0 
&6 
&4 

&1 
&9 
6l6 
&4 
6l2 

&0 

tl 

45 
44 

42 

415 

40 

42 

49 

2.4 

12 1       ....' 

2.4 

13 ! 

2.4 

14 1       .... 

2.4 

15 1 

'24 

16 1 

17 1 

18 

19 

20.... 

21 .. 

2.3 
2.3 
2.3 
2.3 
2.3 

2.6 

22 

49 

23 1 

43 

24 1 

40 

25...-. 1 1 

26 

I 

34 

27..... 

t 

32 

28....    1 

1 

30 

29..... 1  - 



2.8 

30....    1 

32 

31.... 1             1 

39 

^ .                       '             i             I 

OtT- 

J»xi, 

Fftb, 

'       ^,. 

Jai 

u  \  Feb, 

^y. 

Jan. 

Fflb. 

I •*» 

&0 
47 

il 
4.6 

40  : 

46 
7.1 

as 

%4 

&5 
T,4 

12 
13 
14 

15 

10 

17 
IS 
Id 
30 
21 
22 

1SB6.* 

* 

23,. 

1S0O. 

tt 

30 
36 

e.2 

.     45 
.     42 

as 
,    aa 

40 

a " 

„..„i    i7 

24..,p       ».*.., 

39 

!..,_"* * ' 

fl;l 

25 

39 

i.... — "— 

.»*,   .'     8.3 

36 

J       -„.__ ' 

■|7. 

37 

27"ww"'!'"!"]! 

37 

«"..; 

::::::'  &.& 

28 

35 

1 ■ 

*  .         fi.3 

2©....   . 

34 

B """ "  " 

47 

3D [.[[["Z-lll 

9.....  

44 

Vi  'SI*...       .  .     **  * 

tt ::: 

'    fi.1 

u...;:   ■  ■ ' 

'    43 

" 

1 

a  Repairing  bridge;  record  lost  May  5-8, 1805. 
b  River  frozen  January  4-23, 1806. 
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DaUy  gaffe  height,  in  feet,  ofSouih  Brands  of  Potomac  River  near  SprrngfiM^  W,  Vt 

Continued. 


Day. 


2. 
3. 
4. 
5. 

6. 
7. 
8. 
9.. 
10. 

11. 
12. 
13.. 
14. 
16., 

16.. 
17. 
18. 
19. 
20. 

21.. 
22.. 
23.. 
24.. 
26.. 

26.. 
27.. 
28.. 
29.. 
30. 
31.. 


18B0.<i 


Jan.     Fab. 


Mar. 


Apr. 


May. 


June. 


1900.6 


10 

6.8 
6.0 

11 1 

12 

6.4 

13     

6.4 

14 

0.8 

15 

7.2 

ir. 

17 

18 

19 

4.2 
4.6 
4.8 
4.9 
6.0 

9.0 
7.0 

as 

6.2 
6.6 

5.2 

7.0 

20 

21 

1 

22 

6.4 

23 

24    

i.V 

25 

20 

27 

1 

28 

1 1 

29 

.  .     1     .. 

30 

31 

9.8  .' 
8.4 
0.8  ■ 
0.8 

"i 

6.2  I 
7.0  1 
7.8, 
9.4 
6.0 

7.4 
0.8 
0.2 
6.7 
6.4 

6.0 
4.8 
4.0 
6.0 

7.8 

11.4 
10.8 

9.2 

8.4 

7.6 

6.6 

0.4  I 
0.1  , 
6.8  I 
7.4  , 
7;  8    . 


7.4' 
7.0  I 
(i.  6  1 
5.0 
6.2  j 

6.2  i 
6.0  I 
6.0 
4.8  , 
4.0  I 
I 
4.2  I 

4.0  ' 
4.0  ' 
3.8  I 

Ul 

3.2  ! 
4.4  I 

I 
6.0, 
6.0  ' 
6.8  I 
(V.2  I 
6.0  , 

6.6  ' 
5.2 
6.0  I 

4.7 ; 

4.4 


4.4  ' 

4.3 
4.2  , 
4.2 

4.1  ' 

I 

4.1 

4.1  ' 
4.0 
4.0  , 
4.0 

4.0  < 
a9  , 
3.8  , 
3.8 
3.7 

3.6 
3.6 

3. 0 
3.5 
4.0 

3.7  1 

3.5  , 
3.4 
3.4 

3.2  I 

3.1  ' 
3.4 
3.4 

3.6  , 
3. 6  I 
4.0  ' 


4.0 
4.2 

a9 

4.1 

a4 


4.0  ' 
4.K  ' 
4.4  < 
4.4  , 
4.2  , 

4.2 
4.1 
4.0 
4.0  , 
4.0 

3.9  ' 
3.9 
3.9  , 
5.0 
5.2 

7.05 
13.0 
10. 2 

9.5 

7.0 

5.  4  ' 
5.1 
5.0  , 
4.9 
4.9 

6.2  . 
5.4  I 
5.0 
5.0  ' 
6.4  ' 


July. 

Aug. 

8.2 

&4 

8.7 

ao 

&7 

as 

8.7 

a4 

8.0 

as 

&0 

as 

ao 

as 

3.7 

a2 

4.2 

ai 

8.9 

ai 

8.8 

ai 

8.0 

ao 

8.4 

ao 

8.2 

ai 

ai 

a2 

ao 

a2 

a9 

ai 

ao 

ai 

a4 

ao 

a2 

ao 

a2 

ai 

a2 

a2 

a4 

a2 

as 

as 

as 

a3 

a4 

a2 

a4 

a2 

a2 

ai 

a2 

ai 

a2 

aa 

a2 

" 

^  n 

-,«' 

Squt. 


5.0  I 
6.0 
6.2 
6.2 

5.0 
6.0 

4.4 ' 

I 
4.2 1 

4.0, 

3. 0  . 
3.  2  , 
3.2  I 

I 

3.2  i 

3.1  , 
3.1  , 
.10  ' 
3.0 

3.0  ' 
3.4 
3.0 
3.S 
3.8 
I 

4.0  I 
5.0  , 
5.4 

5.4  I 

4.5  ' 
4.0  , 


a4i 
a4| 
a4 
a4 1 

a2  i 
a2 , 

ai  i 
ao  1 


ao 
ao 
ao 
ao 
ao 


2.9  , 

2.9 

2.9 

2.S  I 
3.2 
3.4  ' 
3.4  I 

4.2  ' 
4.0; 
4.0  ! 
3.8 
3.0  . 
15    . 


a4 
a4 

as 
ao 
ao 

ao 
as 
as 

as 
as 


Oet.     Nov.   I 


a4 

as 

as 
as 
a4 
a4 
a4 

as 
as 
a2 
ai 
ai 

ao 
ao 
a2 
as 
a4 


as 

a4l 
a4| 
as  I 


as 
a2  I 
ai  I 
as 
4.6  I 

4.0 
4.0  I 

16  I 
14, 

ao 
I 
10  , 
2.9 
2.9  I 
2.9  I 
2.8  I 

2.8  < 
2.8  1- 
10 , 
10 
10 ! 

ao! 

10  I 
14  I 
16, 
4.0  ' 


a4 
a4i 

a4 
as, 
as  I 

aa 
a8 

a2, 
as' 
a2 


a4  ai 
a4  ai 
a4      ai 


as 
a2 

as* 
as 
a2 
at . 
ai  I 


4.0 
as , 
a7 
a6 
a4  < 

a4 
ae 
ao 
a6 
a6 
I 
a6 
as 
a2 
a2  • 
as 

a7 
a6 
a6 
a6 

15  I 

a5  I 
a5  I 

15  1 

a4i 
a2 

as  ! 

as 

a2, 

12  1 

14  I 

15  ' 


4.0 

4.8 
4.8 
4.8 

"I 

45 

44 

421 
41< 

41 
40 
40 
40 
19 

18 
17 

ae 
ae 
a9 


ai  ■  4.9 

ai  a9 

ao I  as, 

ao  a«' 

as !  ae  .. 

a4i  a4'.. 

as  I  &2i... 

AS  4.8  1.. 

as,  4.7.. 

4.2'  46.. 

4.4   


a6 

16 
16  I 
40 

"1 

18 
18 
16 
16; 
16  ' 

15' 
14. 

18l 
12 

12    ; 

11 

11 1.. 
11  .. 

14  I.. 
14 

lol 

18, 

18| 
18, 

4.0  I 

ia2| 
12.0 

9.8  1 

12 

6.8 


« Ico  conditions  Deoomlwr  26-31. 1899. 

b  Ico  conditions  January  1-16,  January  27  to  February  9,  FcbruHr>'  18-21.  26-28.  and  December  I'- 
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gage  heighty  in  feetf  of  South  Branch  of  Potomac  River  near  Springjidd,  W.  Va- 

Continued. 


Day. 


Day. 


1902.6 


Jan.     Feb. 


3.4 
3.4 


4.0 
4.0 


3.6  I 
3.6 

3.8  ! 
7.6 
9.2 
8.0 

6.4  I 

5.6  I 
5.4 
5.4 
6.2 


Mar.  i  Apr. 


3.8 
3.8 
5.0 


4.5 
4.6 
4.8 
4.8 


••4.'4'! 

4.4 

4.2 

4.2 

4.2  

12.2 

U.4 
9.4  > 
8.2  I 
7.4 

6.0 
5.8 
5.4 
5.2 
5.2 

5.0 
6.8 
7.0 
7.0 


4.8 
4.5 
4.2 

a2 
a6 

9.4 
8.6 
8.0 
7.6 
6.8 

6.4 
5.8 
5.6 
6.4 
11.2 

10.0 
9.2 
9.0 
&6 

10.5 

\8.4 
16.0 
12.2 
8.9 


6.5 

7.6 

6.2 

7.2 

6.0 

6.8 

5.6 

6.4 

5.4 

6.0 

5.2 

May.    June. 


5.8 
5.6 
5.4 
5.5 
5.0 

4.9 
4.5 

4.8 

ai 

16.5 
12.1 

a2 

7.4 
6.5 
6.0 

5.8 
5.6 
5.2 
5.0 
5.0 

4.8 
11.5 
9.0 
7.6 
5.4 

5.0 
6.5 
8.7 
12.2 
11.6 
8.4 


Jan. 


Day. 


8.2 
6.8 
6.4 
6.0 


Jan. 


8.8 


10. 

1902.6 

8.6 

11. 

5.6 

n  12. 

4.5 

13. 

14 

15    

1   

16           .  . 

;  17 

7.6 
6.8 
6.2 
5.8 
5.8 

6.0 

a4 

6.2 
5.4 
5.0 

4.8 
4.5 
4.4 
5.3 
5.6 

12.4 
10.2 

ai 

7.8 
7.0 


5.6 
5.4 
5.4 
5.2 

5.6 
6.4 
6.0 
6.1 
5.0 


July. 


5.0 
5.0 
5.4 
5.6 
5.6 

5.3 

5.8  I 
5.8 
5.4 
5.0 

4.8 
4.2 
4.0 
4.0 
6.0 

6.2 
6.5 
6.8 
5.4 
5.0 

4.2 
4.0 
4.5 
4.0 
3.8 

4.2 
3.6 
3.4 
3.0 
3.0 
3.4 


Day. 


18. 
19. 
20. 

21. 
22.. 
23., 
24., 


1902.6 


Aug. 


3.6 
3.4 
3.1 
3.1 
3.1 

3.6 
4.2 
4.0 
3.6 
3.2 

3.8 
3.8 
3.6 
3.6 
3.5 

3.5 
3.4 
3.4 
3.4 
3.8 

4.0 
4.2 
4.5 
3.8 
3.8 

3.6 
3.5 
3.8 
4.6 
4.5 
4.4 


Jan. 


7.25 

4.6 

4.4 

4.4 

4.2 

4.2 
4.1 
4.1 
4.1 
4.0 

4.0 
4.0 
5.2 
5.4 
5.0 

4.4 
3.8 
3.6 
3.6 
3.6 

3.5 
3.5 
3.5 
3.4 
3.4 

3.4 
3.4 
3.3 
3.3 
3.2 


4.0 
4.2 
4.6 
3.8 
3.6 

3.6 
3.5 
3.5 
3.5 
3.4 

3.4 
3.4 
3.3 
3.3 
3.2 

3.2 
3.2 
3.2 
3.2 
Z.2 


Nov.  '  Dec. 


3.2 
3.4 
3.4 
3.3 
3.3 

3.2  I 
3.2  I 
3.2  I 
3.2 
3.2  I 

3.1 
3.1 
3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 


3.4 
3.4 
3.4 
7.0 
6.4 

6.0 


3.1 

3.1 

3.1 

3.0 

3.1 

3.0 

3.1 

3.0 

3.1 

5.2 

3.1 

4.6 

3.1 

4.0 

3.1 

3.8 

3.1 

3.7 

3.1 

3.5 

3.1 

4.8 
4.6 
4.5 

4.5 
4.5 
4.8 
6.0 
20.0 

15.0 
11.2 
6.8 
6.7 


a6 

14.6 
12.2 


Day. 

Jan. 

25. 

1902.6 

26 

27 

5.2 

28 

7.6 

29 : 

7.8 

30 

*  conditions  January  3-!^,  20-23,  January  29  to  February  3,  February  6  to  March  2,  March  6,  Decem- 

.20-28.1901. 

»  conditions  January  5-8.  13-26,  and  January  30  to  February  24, 1902.    Bridge  and  gage  carried 

'  by  flood  February  24,  1902. 
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THE  POTOMAC  BIVEB  BASIN. 


DaUy  gage  heigkt,  in  fed,  qf  8mUk  Bmndi  qf  Pokmac  AiMr  nmr  Spring jLdi,  W.  Va.- 

OoDtinued. 


0i^. 


!«».> 


Day. 


I.. 
2.. 
3.. 
4.. 
5.. 

6.. 
7-. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 


1904.* 


18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26., 
27. 
28.. 
29. 
30. 
31.. 


Aug. 


a«m. 


S:::::::::::::::::':::::: 

, 

8 , 

.J::::;::;:::::::::':::::: 

11 1 

12..„,,., ,...,. 

k::::::::. :.:::. ::.:.:. 

u , ..1 

li , 1 

>. ' ' 

at* 

a,7 

\  2.46 

,  2.4 

I  2.3 
'  2,3 
I  2.^ 

«,4ft 

I  %.% 


Oct. 

Not. 

D». 

2.3 

2.a 
2.a 

2.2 

3,2 
3.3 
1,3 
1.2 
1,1 

2.2 
2.1 
2.1 
2.3 
2.1 

3.3 

i.t 

2,3 
3.ft 

3.3 

2.1 
2.1 

3.2 

3.e 

3.i 
3.  A 

2.4 
2.4 

w 

3.1 
1.1 

3.2S 

3.4 

3.2 

3.2» 

2.& 

1.4 

J.1 

3.fi 

D«y. 


ig03.4 


Sept.    Oet,  I  Nw.  D«r. 


,  3. 
J  3. 
.  a. 
.,  3. 

;!t 

:'S: 

.  2. 
.   3. 


2.3  i  2 
1.3  i  3. 
S,55  .  3. 


3.4 
2.4 


3.2 
2.2 
3.2 
3.3 


13 
•J 

li 
3.L 


3-2 

3.3 

2.2 

3.3 

3,1 

3.3] 

3.1  \ 


3.3  %i 

3.3;  II 

Mi  li 

3.1  H 

3,1:  H 

I 

3.2  13 
2.1  11 
1.1  IS 

1.3  1^ 
1.3  1.1 

,„_,  II 


Jan. 


2.A 
2.6 
2.6 
2.6 
2.6 

2.6 
2.0 
2.6 
2.6 
2.6 

2.6 
2.0 
2.6 
2.6 
2.0 

2.6 
2.0 
2.0 
2.6 
2.0 


2L85  I 
9.05  , 

5.4  I 

4.05  I 

3.45  I 
3.0    I 
2.9 
2.65  I 
2.75 
2.9    I. 


Feb.     Mar.  1  Apr.  j  May. 


I 


i 


2.8  I 

2.8  , 

2.8  I 

2.7  i 
2.6 

2.6    , 
3.0 
6.4    I 
4.85  ! 
3.55  i 

3.2 
2  7 
2!  85 
2.95 
3.05 

2.95 

2.9 

2.05 

2.95 

2.9 

2.95 

3.5 

4.5 

4.05 

3.0 

3.25 
2.95 
2.1»5 
2.95 


3.75 

4.6    I 
4.2    I 

4.36 
4.1    I 

3.65  ' 
3.45  I 
5.55 
6.6    ' 
4.6    , 

4.05 
3.85  , 
3.65 
3.5    ' 
3.35  ^ 

3.15 
3.1    , 
3.1     ' 
3.1 
3.05 

3.05 
3.4 
3.9    ' 
4.55 
4-45 

4.15 

3.95 

3.8 

3.45 

3.45 


3.66 
4.05  I 
3.95  I 
3.7 
3.5 


5.4 

4.86 
4.35 
4.16 


June. 


3.45 
3.5 
a45 
3.4 


3.0    I    4.36 


3.36  ' 
3.2  I 
3.2  I 
3.15  ' 
3.2    I 


I 


a  05  4.3 

3.3  I  3.9 
3.6  I  3.8 

3.4  3.35 
3.6  3.1 


as  ' 
a  25  I 
a2  , 
a2  ' 
ao  I 


a  4 
a  25 
ai 
ao 
ao 


2.95 
ai 
ai 
ao 


...  .._.-. L_-.-L_-_U.-_-.- 

I 
July.  I  Aug.  I  Sept.  I  Oct.  {  Nov.    Dfc. 


2.8 
2.66  1 

2.6    I 
2.6    , 


2.6 
2.5 
2.6 
2.5 
2.85 


2.85  ' 

2.8    i 

ao 
ao*  I 
ao  I 

ao  1 
2.9 
2.8  ' 
2.8  1 
2.7 

2.8 
ao5 

8.6 
8.1 
&0 


2.95 
2.85 


ao 

ao  ,  -.^ 

a25  ai 

8.05  1  ao 

7.95 


0. 3 

5,4  , 

4.8  ' 

4.3  I 

aos  I 

a  75  ' 
as  I 
4.2 
a  65 
a  45 


a35  a45  . 


5.ti5 

4.7     I 

ai»5 
a  r> 
a  45 
a  2 

2.0 
2. 75  ' 
2.55  , 
2.75 
.9 


4.5 

a  85 
a5  I 
2.95  I 

2.85  I 

2  55  I 

2.45! 
2.5  ' 
2.55  I 
2.0 


■J.  / 

2.  r» 

2.8 


2.0 
2.5 
2.4 
2  4 


2.4 
2.5 
2.7 
2.8 
2.8 

2.6  I 
2.6  I 
2.66  , 
2.6  ' 
2.4    I 

2.3    I 
2.25 
2.2    I 
2.1     . 

2.1     I 

1 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
1.9 
2.1 
2.1 
2.0 


xo 

2.0 
2.0 
2.0 
2.0 

I 

2.0  ! 
2.0 
2.0 

2.1  ! 
.15, 

2.1 
2.1     I 

2-1     , 
2.2 
2.15  ! 

I 

2.051 
2.0    I 
2.0 
2.0    i 

1.9 
1.9    I 
1.9 
1.9    I 
1.8    , 

1.8  I 

1.8  ! 

1.8  I 

1.8  I 

1.8  I 


1.8    ' 

1.8    j 

1:1  ! 

..8    I 

1.85] 
1.85 
1.8 
1.8    I 

1.8    I 

1.8    I 
1.8 
1.8    I 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.9 
1.9 
1.9 
1.9 
1.8 

1.8 
L8 
1.8 
1.8 
1.8 
1.8 


1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 


U 

1. 1 
l.J 
1.- 
1. 


11 


11 
11 


12 
15 
18 

ay 

3.9 


0  Ict»  conditions  December  4-31, 1903. 

6Riverfroren  over  January  1-22,  1904:  rivorcloar  Januarj- 23-27,  1904;  ice  conditions  Jauuarvi 
February  7, 1904;  river  frozen  over  I>ecember  19-31.  1904. 


SXBEAM   flow:    SOUTH    BKANCH   OF   POTOMAC. 
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age  height  y  in  feet  y  of  South  Branch  of  Potomac  River  near  Springfieldy  W.  Va. — 

Continued. 


Jan.      Feb.  |  Mar.  |  Apr.  |  May.     June. 


2.35 

2.45 

2.3 

2.45 

2.55 

2.35 

2.3 

2.2 

2.3 

2.4 

J  2.4 

.  2.3 

J  4.7 

.  C.05 

.j  4.75 

.      3.6 
J     3.2 

.    ai 

.1     3.16 
.!    3.2 


3.3 

3.2 

3.2 

3.05 

3.0 

2.85 

2.7 

2.5 

3.0 

2.9 

2.5 


4.0 

3.95 

3.85 

'    6.75 

I    8.65 

6.7 
5.3 

\  Me 

;     4.15 
3.75 

3.6 
3.9 
4.3 
4.5 
4.55 

5.15 
5  2 
4.75 
4.45 
4.05 

3.85 
3.75 
5  15 
9.5 
7.2 

5.25 
4.85 
4.65 
4.75 
4.45 
4.25 


2.9 
2.9 
2.9 
2.9 
2.9 

3.0 
3.0 
3.0 
3.1 
3.1 

3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 

3.8 
3.9 
4.1 


4.05 

3.85 

3.55 

3.4 

3.4 

3.2 

3.05 

3.0 

3.0 

3.1 

2.9 

2.9 

2.85 

2.7 

2.7 

2.7 
2.6 
2.5 
2.4 
2.4 

2.6 

2.65 

2.7 

2.6 

2.6 

2.6 
2.6 
2.6 


4.1 
3.9 
.1.8 
3.4 
3.7 

4.55 
4.9 
5.25 
7.05 
11.1 

8.75 
7.25 
6.15 
5.35 
4.9 


4.75 
5.25 
5.55 
5.9 

7.1 
10.05 
7.55 
6.15 
7.25 

6.2 
.•).4 
4.8 
4.3 
4.0 
3.85 


2.6 
2.7 

2.8    I 
7  05 
6.65  I 

5.65 
4.8    I 
4.35  I 
4.06  I 
3.S5 

3.65  I 

.T5 

3.35 

3.3 

3.65 

4.25 
4.45 
4.4    I 
4.4    ' 

4.8 

5  15  I 
5.65 
6. 1     I 
5  95 
5  35 

I 
5.  6 
K.65 
1.1  .^T 
10.8.5 
10.  r.5 
10. 95 


3.55 

2.9 

3.35 

2.9 

X3 

2.8 

3.1 

2.8 

3.1 

2.7 

4.0 

2.7 

4.7 

2.7 

4.55 

2.8 

4.2 

2.8 

3.95 

2,8 

3.9 

2.8 

3.8 

3.85 

3.5 

7.5 

3.35 

5.8 

3.3 

7.55 

3.2 

7.05 

3.2 

5.75 

3.1 

4.9 

3.0 

4.3 

3.0 

4.0 

2.9 

3.6 

2.9 

3.45 

2.9 

3.25 

2.8 

3.05 

2.7 

2.95 

2.7 

2.9 

2.8 

2.8 

2.8 

2.8 

2.6 

2.7 

2.9 

2.7 

2.6 

9.65 

4.85 

8.75 

4.55 

7.85 

4.35 

6.25 

4.2 

5.3 

4.0 

5.4 

4.15 

5.15 

3.9 

4.05 

4.0 

4.65 

3.85 

5.35 

3.7 

5  45 

3.65 

5  15 

3.4 

4.75 

3.3 

4.4 

3.25 

5  4 

3.2 

6.6 

3.4 

5  9 

3.3 

5.5 

3.2 

4.85 

3.1 

4.45 

3.0 

4.0 

3. 05 

.3  85 

2.85 

3.75 

2  75 

3.  <i5 

2.7 

3.  6 

2.6 

6.  35 

2.6 

9.  HH 

2..'i 

i.:\ 

2.6 

5  75 

5  05 

2.  r^5 

2.7 

2.9 

ao 

2.95 
2.75 
2.7 

2.7 

2.7 

3.0 

2.75 

2.65 

2.6 

2.65 

2.65 

2.55 

2.45 

2.4 
2.3 
2.3 
2.3 
2.2 

2.55 

3.9 

6.0 

9.2 

8.55 

5.9 

6.85 

5.8 

4.45 

3.85 


2.8 
2.7 
2.7 
2.8 
2.7 

2.7 

2.85 

2.85 

2.85 

2.85 

2.65 

2.5 

2.58 

2.4 

2.5 

2.7 

2.7 

2.75 

2.9 

3.0 

3.85 
4.0 
3.65 
3.35 

3.5    I 

4.2 
4.1 
3.  45 
3.05  I 
3.0 


July. 

Aug. 

2.9 

2.76 

2.6 

2.6 

2.5 

2.5 

2.66 

2.65 

2.56 

2.5 

2.85 
2.85 
2.5 

ae 

4.4 

a  9 
a4 
ai 
ao 

2.96 

2.76 

2.7 

2.6 

2.65 

4.0 

5.66 

4.2 

a36 

ao 

2.8 
2.7 

Sept. 

2.7 
2.6 
2.5 
2.5 
2.4 

2.4 

2.3 

2.25 

2.2 

2.26 

2.45 

2.45 

2.3 

2.4 

2.45 

2.3 
2.2 
2.2 
2.1 
2.1 

2.0 
2.0 
1.9 
1.9 
1.9 

1.8 
1.8 
1.8 
1.8 
2.0 

Oct. 

Nov. 

2.4 
2.36 
.2.3 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.2 

Dec. 

3.55 
3.7 
3.45 
4.15 

3.8 

5.35 

4.35 

3.9 

3.65 

3.35 

3.4 
3.85 
4.85 
5.95 
5.6 

4.75 
3.9 

as 

a  25 

a  05 

a  2 
a25 
a  95 

5.2 
4.15 

a  55 

a3 

ao 

ao 

a  86 

ai 

ao 

2.0 
2.0 
2.0 
20 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

2.0 

2.0 

2.25 

2.2 

2.1 
2.0 
2.0 
2.0 
2.1 

2.1 
2.15 
2.25 
•2.3 
2.45 

2.66 

2.9 

a25 

2.65 

2.66 

2.46 

2.3 
2.3 

a2 

5.16 
4.36 

a  9 
a5 
a  2 
a  06 

2.96 

2.85 

2.7 

2.66 

2.66 

2.46 

2.56 

2.6 

2.5 

2.4 

2.35 

6.1 

9.46 

7.75 

7.05 

6.15 

6.66 

5.2 

4.66 

4.05 

4.4 

4.6 

2.8 

2.68 

2.7 

3.15 

2.9 

2.85 

2.65 



2.4 

2.48 

2  3 

2.25 

2.3 

2.1 

1 



1 



1 

1 

1 

.. 

1  _       _   1              1              1          _   ' 

alee  conditions  during  portions  of  January  and  Febnmry,  1905. 
b  Flow  probably  unaffected  by  ice  conditions  during  1906. 
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THE    POTOMAC   RIVER   BASIN. 


Rating  tables  for  South  Branch  of  Potomac  River,  near  Springfield,  W.  Va. 

JUNE  3,  1894,  TO  FEBRUAKY  29,  18W.« 


heiglit. 


Feet. 

2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 


DiNcliarKn. 


Second-feet. 

I  ^ 

96 

I  113 

132 

I  IM 

,  180 

I  210 


(Jaei* 
hoight. 


Dlsrhargp. 


Gace 
height. 


Discharge..!   ^^,X.   '  l>i«'han»' 


Feet. 

Second- feet. 

Feet. 

Second-feet) 

7W    1 

Feet. 

Second-fed. 

2.90 

300 

3.80 

5.40 

1          1,720 

1        3.00 

330 

3.90 

750    1 

5.60 

'          1.S60 

3.10 

360       ; 

4.00 

800    1 

5.80 

2.000 

1        3.-20 

400 

4.20 

910    ' 

6.00 

1          2,14.5   1 

1        3.30 

450 

4.40 

1,030    1 

7.00 

'          2.805   1 

1        3.40 

500    i| 

4.60 

1,160    ! 

8.00 

3,M.S 

1        3.50 

550     ' 

4.80 

1,300    1 

9.00 

1          4.395 

3.60 

600     1 

5.00 

1,440 

10.00 

!          5,14.5 

3.70 

650    ij 

5.20 

1,580 

1 

JUNE  2«,  1899,  TO  JANUARY  29,  1902.6 


2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 


8.5 

4.00 

110 

4.10 

140 

4.20 

170 

4.30 

2a'> 

4.40 

240 

4.. 50 

280 

4.60 

320 

4.70 

365 

4.80 

410 

4.90 

460 

5.00 

510 

5.20 

5*W 

5.40 

61.7 

Ti.m 

l,78q 

8.00 

67l> 

5.80 

l.WS    ,1 

8.50 

73<J 

H.DO 

2h  \m     ' 

9.00 

79(J 

e.aj 

2,345 

10.00 

85^1 

<I.10 

^MS 

11.00 

9a> 

6.00 

2,?5S 

12.00 

99(> 

6.60 

%Vt7h 

13.00 

1.06(» 

7.00 

xm 

14.00 

i.i3rj 

7.aO 

3.430 

15.00 

1,210 

7,40 

z^ms 

16.00 

I,28.\ 

7.OT 

xm 

18.00 

1.44.-^ 

7.m 

4,1A0 

20.00 

1,61.1 

4.370 
4,975   I 
5.600 
6.850 
8,100 
9.350 
10,600   i 
11,850   i 
13.100 
14.350 
16,850 
19,350   I 


AU(UJST  28,  19a3.  TO  JULY  14,  1906.e 


l.SO     , 

78 

3.00 

7cr2 

4.10 

1.790     , 
1,912    I 

1 
.5.40 

3.690    ' 

1.90 

96 

3. 10 

77S 

4.  JO 

5.60     1 

4.030 

2.00     1 

125 

3.20 

S60 

4.;io   1 

2,038     II 

5.80     ' 

4, .380 

2.10     ■ 

103 

3.30 

917     ' 

1.40 

2.168 

6.00     1 

4.745    s 

2. 20 

210 

3.40 

\.m.) 

4.. 50 

2.:«)2     II 

6.  .50     1 

.5.756 

2.30     I 

261 

3.. 50 

1.13.5     ,' 

4.60     , 

2.440     1, 
2.  .582     '! 

7.00 

6.890 

2.40     ! 

31.5 

.3.60 

1.23.5      1 

1.70 

7.50 

8,120 

2.50     , 

372      1 

3. 70 

1,.339     ,, 

4.  so 

2,728     li 

8.00 

9.370 

2.60     , 

■132 

3.  SO 

1,M7 

4.<K) 

2.879     1 

9.00     1 

12.000 

2.70     1 

49.5 

3.<« 

J,.V,S      1 

r>.(X) 

3.035    ll 

10.00 

15,000 

2.80     1 

'.61      1 

4.00     ' 

1,672     , 

5.  2() 

3.;i5o     j 

11.00    1 

l»i.0l« 

2.'.)<) 

6;i0 

h 

1. 

«  Tlii.s  tabic  is  .'?trictly  applioahlo  only  for  oj>on-<'hjniin'l  condition.s.  It  is  based  on  dij'olwi! 
inea.siirpmoiits  made  during  1894-LS96.  It  is  fairly  \\A\  ilrniuHi  l)ot\voon  gage  heights  3.0  feel  and  W 
feet.     .Vl)Ove  g.ige  hoight  .5.9  feet  the  rating  curve  "is  a  t  aiicont .  t  he  <lilTerence  being  75  per  tenth. 

^'This  table  is  strictly  applicable  only  for  open-fhanncl  conditions.  It  is  based  on  four  disclwi? 
ineasuriMnents  made  during  1H«.X>-1901.  "  It  is  not  well  define<l.  Al.ove  gage  height  8.4  feet  the  ratin 
curve  is  a  tangent,  the  diifercnce  being  12,5  p<'r  tenth.  For  high  stages  a  tangent  is  considered  topv 
the  best  results,  owing  to  conditions  below  the  st.ation.  which  cause  a  backwater  etlcct  at  the  gap*' 

<"  This  table  is  strictly  applicable  only  for  open-channel  conditions.  It  is  based  on  eight  dischaf? 
measurements  made  during  19()3-19(Ki.  It  is  fairly  well  defined  between  gage  heights  2  feet  and  4.5 ft*' 
Above  6  feet  gage  height  the  discharge  is  appro.ximatc. 
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*My  discharge  of  South  Branch  of  Potomac  River  near  Springfield ,  W.  Va. 

[Drainage  an'a,  1.440  to  1,475  square  mile8.]a 


1         Discharge*,  in  second-feot. 

Run-off. 

Per  cent 

Precipltfttion. 

Maximum. 

Minimum,      Me^in. 

Socond-feet 

per  square 

mile. 

Depth  in 
inches. 

of  precip- 
itation. 

In 
inches. 

liossin 
inches. 

1,720 

400           775 

0.538 

0.560 

700 

400 

1,030 

910 

210          296 
180          233 
180          403 
210          500 

.206 
.162 
.280 
.347 

.238 
.187 
.312 
.258 

1 

1 

1 

..'            4,357 

800       1,792 
1,090       2,203 

1.24 
1.53 

.922 
1.76 

3,570 

1 

1,030 
1,300 

3m 

180 

96 

210 

1,370 

270          582 
240  ;        512 
132          217 
80           108 
80            82.1 
113           145 
132          307 

.404 
.356 
.151 
.075 
.057 
.101 
.213 

.451 
.410 
.174 
.084 
.066 
.113 
.246 

1 

i 

2,820 

250          635 
500       2,023 

.441 
1.40 

.508 
1.51 

4,605 

1 

2.44 
3.99 
2.92 
.98 
5.34 
a  3. 81 
2.86 

t 

; :':t':::'::  ::::::::■; 

730 

320          579 
140  1        337 

.399 
.232 

.074 
.268 

730 

9 

2.59 

410 

170  '        238 

.164 

.189 

5 

3.46 

3.27 

410 

170  1        314 

.217 

.242 

6 

3.96 

3.74 

Hr)5 

170  1       29:} 

.202 

.233 

14 

1.63 

1.40 

2.a5.5 

410       1,001 

.690 

.770 

71 

1.09 

.32 

l,9<io 

320           984 

.679 

.783 

53 

1.48 

.70 

33.98 



5,600 

.500       1,103 

.761 

.877 

59 

1.49 

.61 

..1            4,010 

800  1     1,971 

1.36 

1.42 

51 

2.79 

1.37 

8,600 

990       3,497 

2.41 

2.78 

92 

3.01 

.23 

3,660 

240       1,400 

.966 

1.08 

95 

1.14 

.06 

..'                85.5 

205           .509 

.351 

.405 

19 

2.10 

1.70 

..,           10,600 

560  ;     1,945 

1.34 

1.50 

33 

4.69 

3.09 

1,615 

170 

783 

.540 

.623 

20 

3.17 

2.55 

..1                730 

110 

287 

.198 

.228 

13 

1.78 

1.55 

920 

no 

299 

.206 

.230 

9 

2.65 

2.42 

..'                615 

240           3.59 

.248 

.286 

14 

2.12 

1.83 

9,3.50 

2a5  I     1..361 

.939 

i.a5 

26 

4.04 

2.99 

9,. "WO 

320  1     1,.507 

1.04 

1.20 

67 

1.80 

.60 

10,600 

110        1,2.52 

.863 

11.68 

38 

30.68 

19.00 

lage  areas  are  used  to  obtain  run-off  on  acvount  of  changes  in  location  of  stations. 
erpolat<'d  .Julv  l.VJl.  1894. 
erpolated  Mav  cV-8.  1S9.5. 
erpolated  SoptomlK^r  8  22,  1895. 
erpolated  DocvinlxT  2.5.  180.5. 

January  4-2:3,  l.S9«»;  discharge  corrected  for  ic<»  conditions,  the  discharge  of  Shenan- 
illvillo,  W.  Vh.,  iHMiig  nsod  as  a  basis, 
for  eomplctv.  month  June.  181*9. 

s  Dewmlwr  'J.5  ;u.  WM;  flischargo  corroct<Mi  for  this  period,  the  daily  discharges  at 
ton.  and  Millvillc  bring  used  as  a  basis. 

5  January  115,  laiiuarv  27  to  K<>bruary  0.  February  18-21.  2.5-28.  and  D<H,"enilH'r  17-19, 
<'orrect<'d  for  these  periods,  the  daily  discharge's  at  Piedmont,  Riverton,  and  Mill- 
is  a  basis. 
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Estimated  morUhly  diwkarge  of  South  Brofuk  cf  Potomac  River,  tie, — Continued 

Runoff. 


Dlwharge  In  iecond-feet. 


Month. 


1901. 

January' 

Fobniarya... 

Marcha 

April 

llay 

June 

July 

August 

Septemlipr. . . . 

October 

Novemlwr.... 
December  •'>.. 


Maximum.   Minimum. 


The  yi»ar . 


5,850 
615 

9,000 
17,350 

9,000 

9,850 

2,975 
920 

3,488 
990 

1,445 
19,350 

19,350 


300 
400 
400 

730 
920 
855 
170 
205 
240 
205 
170 
320 

170 


Mean. 


1,119 

428 

2,423 

4,987 

3,631 

2,500 

1,185 

484 

721 

322 

326 

3.326 

1,792 


Second-feet 

perMuare 

mile. 


.772 

.294 

1.67 

3.44 

2.50 

1.77 

.817 

.334 

.497 

.222 

.225 

2.29 

1.24 


Depth  In 
Inches. 


.306 
1.92 
3.84 
2.88 
1.96 
.042 
.385 
.654 
.256 
.251 
2.64 


I 


16.84 


Percent 
of  predp* 
ItaUon. 


PredpiU 


115 
82 
08 
44 
81 
33 
6 
27 

137 
11 
50 


In       I 
Inches,  ii 


1.70 
.27 
2.33 
6.20 
6.54 
2.44 
2.82 
6.60 
2.02 
.19  I 
2.25 
5.31 


38.77 


July 

Augiiflt  28-31 

Scptcmb»»r 

OctoIxT*. 

Novomlier 

Dowmlwr/ 


Th<^  year ' i    33. <i7 


IIKM. 

Jaiiuar>'0 

FobniHrya  . 

March 

April 

Mhv 

JuiJo 

July 

August 

Sept<^ml)cr. .. 

(H'toljor 

NovcmK'r. .. 
l>cct»mb«»r(;.. 


12.  1:jO 

5, 540 

4,030 

10,««) 

0,,'iOO 

4,118 

2,. 302 

-|<»1 

210 

9ti 

l..V,8 


~'r 


4S2 
432 

740 

495 

702 

402 

.115 

(Mi 

78 

7S 


Tlio  year . . . 


12.150 


7S 


I.OOIJ 
l,fl()4 
1,451 
l,ii('4) 
2. 143 
1.121 
5(1« 

2:<s 
i-2:j 

so.  9 
70.  \i 
2<*) 

S14 


.(vH4 
.(iSl 

1.13 
1.15 

.  im 
.  :i.s.-. 
.  Hil 
.«Ki 

.  av. 

.  (i.'.4 
.  2i)() 


.789  j 
.734  ' 
1.13    I 

l.r.7  , 
.S4H  ] 
.444  ' 
.IW  i 
.(X«  I 
.  (M'ii 

.2,31 


48 
74  ! 
01 
51 
5(1 
10  ' 
8 

10 : 

5  I 

^  I 
8  ! 

9 


.99 
1.84 
2.45 
3.01 
5.47 
5.5S 
1.95 
1.S3 
1.14 

.7ii| 
2.M 


•26  I    29.32 


a  Ice  oonditions  January  3-8,  20-23,  January  29  to  Ffbruary  3.  February  (»  to  Man*h  2,  Man 
DffcemlMJr  7.  20-28,  1901.  DLscharge  cornH'ted  for  thow  p«^rio«^ls.  tho  daily  discharge  at  Piedmont, 
orton.  and  Millvilk*  Iwing  umnl  as  a  basin. 

b  Then'  was  backwater  at  tho  gag«?  DfwmU'r  29  ^31.  ItWl.  owing  to  »iii  kt'  jam.  but  since  the  di** 
when  applied  to  the  gage  hoight.t  as  obw»rved  i.s  nMativdy  .^sinall  a.><  tomparfd  with  that  at  Rivo 
and  MiUville.  it  was  considered  Ix^st  to  allow  them  to  8tan<l  without  ri'diution  for  backwater ♦*ff«^ 

c  Ir^.  conditions*' January  5-8,  13-2<"».  and  January  :V)  to  February  24.  1«.K)2.  Discharge  correcU*<i 
Janu.^ry.  the  dally  discharges  at  Tiedmont.  Riverton.  and  Millvillo  Ix-ing  us«»d  as  a  basis. 

d  I'n'cipltation  for  complete  month  August.  I9a3. 

e  Dls  harge  interpolated  ()ctoU>r  19-24.  I9a3. 

/  Ice  conditions  ucwml)er  4  31,  190;<.    No  «'orrcition  nu»dc  ni  cstinial«'8. 

p  Iw  coudiliona  Jan.  1  to  22,  Jan.  28  to  Feb.  7, uud  DcccmU,'r  11>-31.  l'»04:  no  (oriwtion  made  i" 
mates. 


STREAM   FLOW:    SOUTH    BRANCH   OF   POTOMAC. 


77 


Estimated  monthly  discharqe  of  South  Branch  of  Potomac  River,  etc. — Continued. 


19a"). 

nnarya. . 
brirnVv". 

in-h 

)nl 

ly 

no 


ly- 
igrust  — 

pt«*mber. 

toiler 

)venil>?r. 
't'embcr. . 


The  year. 


15W.. 
niiary. . . 
hniHry.. 

irt'h 

jril 

»> 


ily  1-14. 


I         Discharge  in  second-fopt. 


Maximum.    Minimum.      Moan. 


I  Run-off.  ' 

,  I  Per  cent 

Second-fe^tl  ,3    .j^  J      ofprecip- 


I   Precipitation. 


In 
Inchos. 


I  Loss  in 
inches. 


4,840 
1,790 
18,300 
2,. 582 
8,245 
12,600 
4,652 
4,118  ' 
495  I 
904  ' 
315  I 
13,350 

18,300 


210 
0)30  I 
1,039 
432  I 
432 
210 
702 
372  ' 
78 
1*25 
163 
261 

78 


821 

831 

4,793 

1,015 

1,744 

1,948 

1,673 

854 

228 

229 

190 

2,298 

1,385 


.557 
.563 
3.25 
.688 
1.18 
1.32 
1.13 
.579 
.155 
.155 
.129 
1.5<> 


.939  1 


I 
.642  i 
.58<'> 

3.75 
.768  I 

1.36 

1.47 

1.30 
.668  I 
.173 
.179  I 
.144 

1.80  ' 

12.84 


27 
48 
162 
63 
37 
25 
21 
14 
15 
6 
13 
59 


2.34  1 
1.22  . 
2.32  I 
1.23 
3.64 
5.78 
6.26 
4.63 
1.12  , 
3.02  ' 
1.10 
3.06 


1.70 

.63 
-1.43 

.46 
2.28 
4.31 
4.96 
3.96 

.95 
2.84 

.96 
1.26 


36  i    35.72        22.88 


13,500  I 
1,731 
25,650 
14,550 
2,804 
1,912 
819 


1,235 

3,321 

664 

5,076 

4,. 538 

1,085 

770 

449 

2.26 
.452 
3.45 
3.09 
.738 
..524 
.305 

2.6.     ' ' 

315 

.471  1 

432  1 

3.98 

1,235  ' 

3.45    1 1 .   . 

372  , 
315  ' 

163  i 

.851 

.,585  1 

.159 

1                   1 

a  Tc-e  conditions  January  and  Fcbniary.  1905;  no  correction  made  in  estimates. 

MIBCELLAlTEOTrS  DI80HAROE  MEASTTREMZNTS  IN  80T7TH  BEAKOH  OF  POTOMAC  RIYEK 

BASIN. 

The  following  miscellaneous  discharge  measurements  have  been 
lade  in  the  basin  of  South  Branch  of  Potomac  River: 

fincellaneons  dUchartje  measttrenients  in  South  Branch  of  Potomac  River  drainage  basin. 


lAicaUty. 


1897. 
teptember  24 . 


Do 

Do 

September  2«') . . 
Do 


North  Fork  of  South 
Brainch  of  Potomac 
River. 

South  Branch  of  Poto- 
mac River. 

South  Fork  of  South 
Branch  of  Potomac 
River. 

Mill  Creek 


South  Bmnch  of  Poto- 
mac River. 


}  500  feet  above  mouth  near 
I      Petersburg,  W.  Va. 

300  yards  ai)ove  mouth  of 
North  Fork,  near  Petcrs- 
I      burg,  W.  Va. 
Near  Moorefleld,  W .  Va 


Near  mouth  near  Romney 

W.  Va. 
A    short    distance    above 

Romney      bridge      near 


1 


Romnov,  W.  Va. 


Width. 

.\reaof 
sec- 
tion. 

Mean 
veloc- 
ity. 

Feet. 
38 

SqtMre 

Ft.  per 

second. 

0.52 

80 

58 

1.65 

24 

23 

1.48 

(.5 

111 

2.25 

Dis- 
charge. 


Second- 


34 

3 
205 
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rOTOM^VC    IllVKU    BASIN     IIKTWEEN     MOUTH     OF    SOUTH 
BRANCH  AND  SHENANDOAH  RIVER. 

POTOMAC  RIVEK  AT  GREAT  GAOAPOH,  W.  YA. 

Gage-lieight  records  were  obtained  of  Potomac  River  at  Dam 
No.  6  of  the  Chesapeake  and  Ohio  Canal  near  Great  Cacapon,  from 
June  21,1 894,  to  Marcli  7, 1896.  The  gage  was  located  above  the  dam. 
Discharge  measurements  were  made  of  the  main  river  and  also  of 
the  canal  feeder  by  wading  at  a  point  about  1,000  feet  below  the 
diversion  dam.  The  channel  at  this  point  is  rocky  and  the  current 
swift.  The  crest  of  the  dam  is  not  level  and  no  data  are  available  for 
detennining  the  point  on  the  gage  at  which  zero  flow  over  the  dam 
occurs.  No  estimates  of  discharge  have  been  made,  as  the  number  of 
measurements  is  insufficient.  The  gage  heights  are  not  considered  of 
enough  value  for  republication. 

Discharge  measurements  of  Potomac  Rix^r  at  Great  Cacapon^  W.  Va. 


h^l^t. 


J_ 


1895.  Ffet. 

J  uno  20  a 1       5  0. 90 


July  IH. 
August  2(). 


.90 
-  .50 


Discharge 
of  river. 


Seamd^eet. 
331 
543 
132 


Discharge 
of  canal 
feeder. 


Sfcond-ft(U 

4164 
*92 


a  No  wator  flowing  over  the  West  Virginia  end  of  the  dam  for  alK)Ut  one-eighth  of  the  tot&l  length. 

fc  (iiige  height  not  considered  accumte. 

<•  Water  flowing  in  fee<ler,  hut  no  nieusurement  made. 

d  F(MHler  gate  oi>en  3.0  feet. 

«  Feeder  gate  wide  open. 

OPEaVON  CREEK  NEAR  MARTINSBURO,  W.  VA.a 

The  gaging  station  was  established  May  8^  1905,  and  was  discon- 
tiiuu^d  July  16,  1906.  It  Ls  located  at  the  highway  bridge  known  &> 
''Kilovs  Ford  Bridge/^  about  4  miles  southeast  of  Martinsburg, 
W.  Va. 

The  channel  is  straight  for  about  300  feet  above  and  below  the  sta- 
tion. The  current  Ls  swift.  Both  banks  are  clean.  The  right  bank 
is  high  and  does  not  overHow.  The  h»ft  bank  has  a  flood  plain 
extending  600  feet  across  a  level  meadow.  The  bed  of  the  stream  is 
rocky,  very  rough,  free  from  vegetation,  and  permanent.  There  is 
but  one  channel  at  ordinary  stages.  The  stream  is  liable  to  extreme 
fluctuations  at  high  water,  covering  the  entire  flood  plain  on  the  west. 

Discliarge  measurements  were  made  from  the  downstream  side  ^^ 
the  steel  bridge  to  which  the  gage  is  attached.  The  initial  point  f^^ 
soundings  is  the  top  face  of  the  left  abutment,  dowTistream  side. 

A  standard  chain  gage  is  fastened  to  the  downstream  side  of  tiie 
bridge  near  the  left  abutment.  The  length  of  the  chain  from  the  ^*^" 
of  the  weight  to  the  marker  is  19.90  feet.     The  gage  was  read  tvsri^^ 

o  General  description  of  this  basin  is  given  on  p.  230. 
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h  day  by  Frank  Mose.  Bench  mark  No.  1  is  a  cross  chiseled  on  the 
itream  left  abutment.  Its  elevation  is  18.44  feet  above  the  datum 
the  gage.  Bench  mark  No.  2  is  the  top  of  the  pulley  wheel  of  the 
^e.  Its  elevation  was  19.55  feet  above  the  datum  of  the  gage 
rch  18,  1906. 

L*ow-water  measurements  at  this  station  plot  very  erratically,  and 
ce  the  section  at  the  gaging  station  has  remained  unchanged  it  is 
umed  that  the  trouble  lies  with  the  controlling  point  below  the 
^e.  This  assumption  is  borne  out  by  the  fact  that  it  is  known  that 
use  matter  is  thrown  into  the  creek  from  the  bridge  and  collects  on 
)ar  a  short  distance  below.  It  has  seemed  best  to  determine  the 
icharge  by  means  of  three  rating  curves  of  the  same  general  form. 
Estimates  based  on  the  first  tw^o  curves  may  be  10  to  20  per  cent  in 
or.  Estimates  based  on  the  third  curve  are  probably  within  5  to  10 
r  cent  of  the  true  flow  for  normal  conditions.  The  1905-6  estimates 
e  not  affected  by  ice  conditions. 

Discharge  measurementa  of  Opequon  Creek  near  Marthisburg^  W.  Va. 


Date. 

Oace 
height. 

1906. 
y7 

Feet. 
1.33 

vemln^r  8   

1.25 

1906. 

rch  IS 

1.51 

Discharge. 


Second-feet. 
141 
63 


137 


Date. 


Gage 
height. 


Di9(>harge. 


1906.                     '  Feet. 

April2 1  3.32 

April  12 2. 57 

Do I  2.56 

May  29 '  1.57 

I 


Second-feet. 
600 
338 
332 
152 


Daily  gage  height y  in  feet ^  of  Opequon  Creek  near  Martinsburg,  W.   Va. 


Day. 

Mny. 

JUTIi^. 

n.'i    .Nov. 

1W5 

1.32 

\.m 

1.22 
t.2 

1 1  1.2 

..,       '  1.18 

L.„. ..  1.15 

, 

......    1.12 

' 

::::;:  L 

L 

.....     \. 

\Ah     1.1  Hi 

["as 

I  38 

...... 

1  1. 11     1. 12 

LI       1, 

1*2       I  12 

LSy     L5 
1.32     J. 5 

1  1 

1  IB     15 

L0« 
L7a 

1,13     \h 

%A       1.5 

l)w. 


1.28 

1.2 

2.45 

2.52 

1.78 

1.38 
1.3 
1.28 
1.2.5 
1.22 

1.2 
1.2 
1.2 
1.18 
1. 15 

1.22 


17. 

!  18. 

19. 

I    20., 

,,  21., 
'  22.. 

26.. 
I  27.. 
■  28.. 

29.. 

I:*).. 

,    31.. 


Day. 


1905. 


May.   /UIW. 

Oct. 

Nov. 
1.5 

Dec. 

1.52   

IJ 

1.35 

1.42  ; 

L5 

1.1 

1.38 

1..X    

1.' 

1.1 

1.22 

1.32    

U38 

1.1 

1.2 

1.28    

1.32 

L 

7.62 

1.25    ...    .. 

1.26 

7.3 

1.25    

L1& 

1. 

3.8 

1.22    , 

1.12 

1. 

2.92 

1.18    

LIM 

L 

2.5 

1.15     ..... 

3.0 

1. 

2.18 

1.18  1   „.,. 

\m 

1. 

2.2 

1.2     

1.43 

1.1 

1.8 

1.18  1   

\,m 

L5 

3.1 

1.15      

La 

hm 

2.55 

1.22  i. 

1.22 

2.0 
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Daily  gage  height,  in  feet,  of  Opeqiion  Creek  near  Martinsburg,  W.  Fa.— Continud 


11. 

12. 

la 

14. 
15. 

l(i. 

17. 
18. 
10. 
20. 


21. 
22. 
23. 
24. 
•2f.. 

20. 
27. 
28.. 
2\). 

;». 

31.. 


Day. 


VMi. 


Jan.      Fob. 


1.73 
l.«V5 
1.77  I 
H.73 


3.12  I 
2.  m  I 
2.27 
2. 15  I 
l.d8  I 

l.«2 

1.9  I 
1.98  I 
2.17  I 


2.58 
2.25 
2.32  ' 
1.98  i 
1.85  ' 

1.78  I 
1.72  ' 
1.75  I 
1.93  I 
1.85 

1.8    ' 

1.75 

1.7 

l.t»7 

1.65 

1.63  I 


Mar. 


1.6 

1,6 

1.55 

1.48 

1.45 

1.4 
1.37 
1.33 
1.32 
1.37  I 

1.4 
1.4     I 
1.4     I 
1.45 
1.48  ! 

1.42 

1.4     ' 

l:ti 

1.38 

1.37  1 
1.48  I 
1.42  I 

i.as 

1.35 


Apr.     May.    June,  i  July, 


1.26 

1.4 

1.56 

3.24 

2.4 


1.84  I 
1.8    I 
1.72 
1.6 

..52! 

1.48  ' 
1.48  i 
1.5 
1.52  1 

1.52 
1.52 
1.58  ' 
1.72 
1.83 

1.82 
1.92 
2.28 
2.3 
2.35 


1.32  I  2.78 

1.3    I  4.0 

1.  28  7.  52 

I  5.45 

]  5.78 

7.2 


2.3 

2.25 

2.0 

1.98 

1.95 


4.72 
3.48  I 
3.0    ' 
2.72 
2.55 

2.45  I 
2.32 
2.22  ' 
2.48  I 
4.02 

3.02  I 
2.48  I 
2.25  i 

2. 18  I 
8.5     , 

5.0  I 
3.28  t 
2.9     I 


1.92 
1.9 
1.88 
1.85 
1.82  I 

1.8  ! 
1.78  I 
1.75  ' 
1.72  I 
1.68 

1.65  I 

1.65  ' 

1.62  I 

1.6  I 

1.58  • 

1.55  I 
1.52  ! 
1.5 


2. 62 

1.5 

2.  45 

1.5 

2.35 

1.48 

2.28 

1.45 

2. 22 

1.45 

2.15 

1.42 

2.1 

1.4 

1.4     ! 
1.42  I 
1.52 
1.52  I 
1.48 
1.4 


1.5 

1.48 

1.45 

1.42 

1.4 

2.92 

2.18 
1.58 
1.58 
1.62 

1.48 
1.42 
1.48 
1.58 
1.52 

1.48 

5.38 

3.0 

2.75 

2.48 

5.18  I 
5.0    ' 
2.58 
2.35 

2.18 

2.05 

1.88 
1.82 
2.0s 
1.85 


1.7 

1.55 

1.9 

7.9 

2.88 

2.4 
2.4 

1.88 
1.78 
1.72 

1.68 

1.62 

1.6 

1.58 

1.52 


Aug,     Sept,      Oct.     Nov.    It 


Ralimj  tables  for  Opequon  C'rcik  near  Martinsburg,  W.  Va. 
MAY  9  TO  JUNE  4.  1905.« 

:;^;.     nisohur^o.      ,;;:^;.   |T)isc.harg..      ,^^.   'Discharge.  I   ^      Disoharp.. 


(iaK«* 
ho 


Fert.      Second-feet. 


1.2») 
1 . :«) 


116 
137 


Fe(t.  .Second-feet. 
1.40  i:.2 

l.TiO  167 

1.60  lH;i 


Feet.      Second-feet. 
J.  70    !  'JOO 

i.so  21s 


Feet.      Second-ffft 


1.90 
2.00 


2:<7 


(>(  TOHKR  S  TO  DErEMBKU  20,  hm.l> 


1.10 

M) 

1.-.0 

.K8      1 

l.»K) 

140 

2.30 

2a' 

1.20 

.'(8 

\.m 

100      ' 

2.00 

l.Vi 

2.40 

22:> 

1 .  30 

67 

1.70 

113 

2.  10 

171 

2.  M) 

■2i. 

1.  10 

77 

l.HO         , 

126      , 

2.  20 

\HH 

r)E(M':MBEU  21.  KK)o,  TO  .ULV   1.5.  ii»OG..- 


1.20 

97 

2.20 

2'A      i 

3.  20 

.-.  10 

4.40     1 

1.01<.' 

l.-iO 

1(K» 

2. :«) 

271      1 

3.  M) 

.vso 

4.60     ' 

1,1«< 

1.40 

122 

2. 40     1 

•2<X\ 

3.  10 

♦KiO 

4.80 

1.2^) 

].r^    , 

13:) 

2.  r.0    1 

317      1 

3.  .-.O 

r.72 

5.00 

1.399 

l.W)      ! 

110 

2.  <)() 

343     . 

3.  m 

7ir, 

5.20 

1,.W 

1.70 

164      1 

2.70     1 

371 

3. 70     1 

7-.0    , 

5.40 

1.610 

1,.S0 

ISO 

2.  SO     1 

402      1 

3.  SO     ' 

S04 

5.60 

1,717 

I.IX) 

107 

2.(K) 

AM) 

3.  \H) 

s:,o 

5.80 

USS.*) 

2.  (H) 

214 

3. 00 

472 

4.00 

so: 

6.00 

1.93.5 

2.  10 

2:V2 

3. 10   : 

:.io 

1.  -20 

1K»3 

a  The  nitingcurvo  on  which  this  tabic  is  ba.sod  hua  bts-ii  dniwn  through  one  measurement  made  - 
IWr).  and  ha.s  the  fonu  of  the  VM'>  curve. 

h  This  table  is  strictly  applicabh-  only  for  op<'n-i'hannel  con«litions.  The  rating  curve  has  Ixvu  <1' 
through  one  measurement  made  November.  1005.  and  has  the  form  of  th(^  190(> curve. 

c  This  tjibi(^  is  strictly  applicable  onlv  for  oiM'nH^hannel  conditions.  It  is  ba.sed  on  five  disc* 
nu'iisurvmoiilH  made  during  1006.  It  is'favrlv  well  defined  between  gage  heights  1.5  fe<H  and  3.4 
A  I'ovc  gtige  hoight  6.0  fc<'t  the  rating  cur\e  \s  a  UrngvuV.  V\\v^  v\\Wtv^wco \^v>\\\^^;  '<&  v^-r  tenth. 
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Estimated  inoiUhly  discharge  of  Opequon  Creek  near  Martinshurgy  W.  Va, 
[Draimtge  un^n,  275  sqiinro  miles.] 


Month. 


Discharge  In  second-feet. 
I  Maximum.   Minimum. 


1H05. 

ly  »-31 253 

ne  1-4 140 

toWr  8-31 1  155 

►  vemN^r I  90 

>ceml)er 2.820 

lOOii.  i 

nuary 3, 430 

l)niar\' 149 

i^rch..' 2.771 

>ril I  3, 310 

»y :  200 

ne I  1.599 

ly  1-15 2,980 


um. 

Mo4ni. 

116 

144 

123 

131 

50 

07.' 

50 

61. 

54 

337 

153 

352 

107 

123 

104 

480 

205 

509 

122 

151 

122 

338 

138 

387 

Run-otif. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


0.524 

0.448 

.  470 

.071 

.245 

.219 

.222 

.248 

1.23 

1.42 

1.28 

1.48 

.447 

.466 

1.75 

2.02 

1.85 

2.06 

.549 

.633 

1.23 

1.37 

1.41 

.  780 

TTTSCAKORA  CREEK  AT  MASTHTSBHRO,  W.  VA. 

Tuscarora  Creek  rises  in  Little  North  Mountain,  in  the  western 
art  of  Berkeley  County,  W.  Va.,  and  flows  southeastward  into 
^pequon  Creek  about  2  miles  southeast  of  Martineburg. 

The  gaging  station  was  established  May  8,  1905,  by  F.  H.  Tilling- 
ast.  It  is  located  at  the  dam  formerly  used  to  impound  water  for 
ne  use  of  the  city  of  Martinsburg. 

The  channel  is  curved  for  20  feet  above  the  dam  and  straight  for 
00  feet  beyond  this  point.  The  channel  below  is  a  steep  race  way 
f*oni  the  cre^t  of  the  dam,  paved  with  riprap.  The  current  is  swift, 
ioth  banks  are  low,  clean,  and  not  liable  to  overflow.  The  bed  of 
he  stream  above  the  dam  is  fairly  uniform  and  shallow,  with  a  mud 
>ottom.  There  is  but  one  channel  at  all  stages.  The  stream  is  liable 
^  small  fluctuations,  owing  to  the  var^^ng  demands  of  factories 
ibove  the  station.  The  water  level  at  the  gage  is  somewhat  unsteady. 
Wie  velocity  of  approach  is  high. 

It  was  intended  to  determine  tlie  discharge  by  applying  the  weir 
orniula  to  the  flow  over  the  crest  of  the  dam. 

A  vertical  staff  gage  is  l)olted  to  the  upstream  face  of  the  left  abut- 
ment, the  zero  being  set  at  the  level  of  the  floor  of  the  spillway.  The 
>^e  was  read  twice  each  day  by  B.  X.  Martin.  Bench  mark  No.  1 
s  the  crest  of  the  dam  at  the  left  corner;  elevatitm,  0.04  foot  l)el()w 
the  gage  datum.  Bench  mark  No.  2  is  the  crest  of  the  dam  at  the 
^^i  comer;  elevation,  0.04  foot  above  the  gage  datum. 

A  current-meter  incasuromoiit,  made  May  9,  1005,  at  gage  height 
^■'8  foot,  gave  a  discharge  of  25.2  scconcl-fcct. 

Ch^'ing  to  poor  conditions  and  especially  to  the  collection  of  debris 
on  the  crest  of  the  dam,  rendering  estimates  based  on  the  gage  heights 
^f  little  value,  this  station  was  abandoned  DecemUev  *.^\,  V>V\"^. 
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DaUy  gogf  height ^  in  feet ^  of  Tvsearora  Crtek  at  Mariint^rg,  W.  Va. 


Day. 


May.      Juno. 


lua'). 
1 

i 

2 

3 

4....                           

5 

0 

7 - 

8 

0. 75 

9 .       ... 

i        .8 

10 

ft 

11 .74 

12 

.75 

13 

i        .72 

14 

75 

15 

82 

If) 

.70 

17 

.8 

18 

78 

19 

75 

20.     .                  .... 

.72 

21  . 

.72 

22 

:::::::::::::::i    :74 

23 

1        .72 

24 

1        .74 

25                        .... 

1        .fi8 

26                     

1        .62 

27 

6 

28                     

'        .6 

29 

1        .(i2 

30 

1        .59 

31 

.78 

a72 

.64 


.65 


.72 
.65 
.75 
.78 
.72 

.78 

.8 

.72 

.28' 

.14! 


July. 


.7 

.72 

.75 


.82 
.72 

.78 
.78 

.85 
1.45 
2.ft5 
3.0 
2.a5 


I 


1. 15  ' 
.«)  I 
.82 
.78 
.78 


.7 

1.02 
1.45 
1.25 


.42  I 

.72 

.75 

.72 

.68 


1.1 

1.6 

1.5 

1.85 

1.55 

1. 55 


lug. 

Sept. 

1.55 

ao8 ! 

1.75 

.75  1 

1.65 

.85  1 

1.7 

.75 

1.75 

.65 

1.75 

.6 

1.3 

.58 

1.4 

.7 

1.3 

.55 

1.25 

.6 

.88 

.58 

.88 

.7 

.85 

.65 

.78 

.55 

.92 

.55 

.78 

.55 

.8 

.65 

1.25 

.55 

1.02 

.55 

1.05 

.6 

1.02 

.f»a 

1.1 

.6 

1.08 

.55 

1.5 

.55 

1.15 

.55 

.98 

.48 

1.35 

.48 

2.0 

.75 

.85 

.65 

.8 

.75 

.7 

Nov.      lift. 


I 
0.75  I 


.9 

.88 
.88 
.8 


.88  ' 
.6 

.58! 


LC 


55 

..58 

.» 

55 

.58 

.SJ 

78 

.55 

..* 

68 

.55  , 

.» 

65 

.58 

.iA 

70 

.6 

7 

78 

.52 

.> 

68 

.55 

.«^ 

72 

.5    , 

X^ 

65 

.52  1 

.75 

58 

.55  1 

.« 

75 

.52, 

2.U 

75 

.58 

LH 

68 

.5    ' 

1.2S 

58 

.58, 

1.0 

65 

.55 

,D> 

68 

.62  1 

.65 

58 

.«l 

^7 

85 

.55 

.75 

92 

.5 

^7 

82 

A17TIETAM  CREEK  NEAR  8HARP8BT7RO,  MD. 

Antiotam  Creek  drains  a  rolling,  fertile  country  with  uniform 
declivity  and  is  uninterrupted  by  natural  falls  or  rapids.  It  is  util- 
ized to  a  considerable  extent  to  run  mills  of  various  kinds. 

The  gagin^i:  station  was  established  June  24,  1897,  by  A.  P.  Davis, 
and  was  discontinued  August  20,  1905.  It  is  located  1  mile  east  of 
Sharpsburg,  a  few  hundred  feet  below  the  bridge  on  the  toll  road 
from  Sharpsburg  to  Keedysville,  Md.  There  is  an  old  dam,  not  now 
in  use,  just  below  the  bridge. 

The  channel  is  straight  for  300  feet  above  and  below  the  station- 
It  has  a  width  at  ordinary  stages  of  about  i>()  feet,  and  is  shallow  au^ 
unobstructed.     There  is   a  good  measural)le  A'elocity  at   all  stage.?^  - 
The  right  bank  is  low  and  liable  to  overflow;  the  left  bank  is  hig:^^^ 
and  rocky;  both  are  fringed  with  trees.     The  bed  of  the  stream  ^■^  ^^ 
composed   of   graA^el,  is  free  from  Aegetation,   and    is    permaneu  ^•^ - 
There  is  but  one  channel  at  all  stages. 

Discharge  measurements  were  juade  from  a  steel-wire  cable,  whic*  ^^ 
is  supported  by  the  forks  of  a  sycamore  tree  on  each  bank  and  -^== 
anchored  to  timbers  set  in  the  ground. 

The  gage  was  a  vertical  rod  driven  into  the  graA^el  of  the  strea  "■"■^ 
bed  and  spiked  to  a  tree  on  the  left  bank  near  the  cable.     It  w  ^^^ 
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read  once  each  day.  The  bench  mark  is  a  copper  bolt  set  in  a  ledge 
of  rock  on  the  left  bank  at  a  point  about  125  feet  above  the  cable. 
Its  elevation  is  16.34  feet  above  gage  datum. 

All  estimates  previously  published  have  been  revised.  Estimates 
for  stages  below  gage  height  2.0  feet  are  probably  within  10  per  cent 
of  the  true  discharge  for  normal  conditions  of  flow;  estimates  be- 
tween gage  heights  2.0  feet  and  4.0  feet  are  within  5  per  cent,  and 
estimates  above  gage  height  4.0  feet  are  within  10  per  cent.  Allow- 
ance has  been  made  for  the  discharge  of  the  overflow  section.  The 
flow  is  probably  affected  to  a  greater  or  less  extent  by  ice  conditions. 

A  summary  of  the  records  gives  the  following  results:  Maximum 
discharge  for  twenty-four  hours,  6,835  second-feet;  minimum  dis- 
charge for  twenty-four  hours,  59  second-feet;  mean  annual  discharge 
for  five  years,  350  second-feet ;  mean  annual  rainfall  for  seven  years, 
37.56  inches. 


Discharge  measuremenU  of  Antietam  Creek  near  Sharpsburg,  Md. 

Date. 


Date. 


June  24 

July  2 

Septembers. 
October  12  a. 


1897. 


January  24. 
August  19.. 


1898. 


January  27.. 

May  20 

September  5 . 


June  28. 


Diy. 


im. 


a,.. 


IJOO. 


Second- 
jeei.    I  1900. 

251      September  16 

240  I 

1001. 

July  30 

December  28 


Gace   I     Di»- 
height.  I  charge. 

Second- 
Feet.  '    feet. 


1.77  I 


1.90 
2.20 


427                                 1902. 
831  '!  September  1 


March  13 

Septemljer  4 . 


July  1 . . 
July  11. 


1 


3.06 
2.10 


1.79 
1.79 


131 


185 
266 


584 
224 


158 
150 


a  Measurement  made  near  mou  h  of  stream. 
Daily  gage  height,  in  feel,  of  Antietam  Creek  near  Sharpshurg,  Md. 

r     \      I      \      : 

Day. 


July  J  AuirJ  SpptJ  Got. 


KfW. 


12.../''' 
13....'        " 

H....l~ 

15...     '    ''* 


l.ft 

L7 
t75 

Lfi 
1.7 

1.7 
1.7 
1.7 

1.75 
LWi 
1.8 


1.5 

1.7 

1.5 

1.41 

1.7 

1*7 

L7 

Ln 

2.7 

\.n 

1.7 

1.6 

l.i 

2.1 

Kd 

L7.^ 

1.6 

Lft 

J. 9 

1.7 

J,fi 

1.5 

1.7 

1.6 

a.afi 

1.7 

l,*t 

l.fi 

2.4^ 

1*7 

1.7 

1.7 

L7 

2.  Off 

1.A 

Urt 

Urt 

1.75 

2.0 

1.4 

Lft.'i 

U5 

1.8 

l.H 

h7 

I.U 

UA 

J.O 

'■! 

LS5 
1.7 


1.4 
L.I 

i*n 


1,7 


l.r, 
1.4 

i.r. 


I>«s. 


LTin      Kfl        S; 


1.9 

2.  a5 
2.n 

2.  .■« 


I  July.  I  Aug.   S<>pt.  I  Oct.  I  Nov.    D«»c. 


in. 

17.. 

18.. 

19.. 

20.. 


1897, 


21... 
22... 
33... 
24... 


1.8     ' 
1.7.') 
1.7 
1.7.5  I 
J.  75 

I 
1.85 
1.85 
1.7 
1.7 
LS."-) 


1.8 
1.7 
1.6 
1.5 

1.5 
1..W 
1,6 

8ro 

2.9 


1.7 
1.6 
1.6 
1.6 


I 


1.6 
1.6 
1.7 
1.9 

8 


11:7 


1.65 
1.6 
1.4 
1.5 


1.6 
1.6 
l.rv') 
1.65 


1.75 

1.7 

1.6 

1.5 

1.6 

1.7 
1.6 
1.5 

1.7 
1.8 


1.65     2.0        1.5     1  1.8     I  1.8 


28 

2<» 

;v) 

:n 


1. 

1.8 
1.H.5 
1.8 
1.7 


1.8 
1.7 


1.7 
1.6 
1.6 
1.5 


1.7 
1.6 
1.6 
1.6 
1.5 


1.9 
2.0 


2.4 
2.2 
2.1 
2.0 


2.0 
2.0 
2.1 
2.5 
2.2 

2.0 
2.0 
1.9 
1.8 
1.8 
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*ll»y* 


Jiut. 


JJHWI.  I 

1..„,.,.......„. 2.0 

2 _„,.„.,„„ '  2.4 

i,.-_, .J  3.1 

4.. ...„,., ,.,- I  1.8 

£.......,....„ 1.7 

e.„. ....,:  1.6 

T-. ..-,., ...„.,.,-, 1.9 

S., „.-.-. ..-.. L* 

SL. ,.-...,. .„„.:.,. 1.7 

m.,. _._......._.,. 2.0 

12 „....,. U9 

13 ....2.0 

14.,.-.,. .......     l.i 

\h. ,...,..... 2.9 

la,.. 3.1S 

IT ,. a.9 

1*,. ...,. a.A 

IB....,.,.. ,,_„.. 2.3 

JO 2.4 

21.......... ,.. 2.4 

23., , ^ ,..,  3.2 

23 2.S5 

24..,..-,,. , 2,a 

25 2.a 

26 .,......._.......  2.fl 

2T.. 2,fl 

2ft .........  2..'5 

a» ,..,  2.5 

30...._.. 2.4 

3l.,._--_...,,,__._.,.,..._  2.B 

i...^. .__....... ..__....._.'  a.g 

2  'i  7 

X... .......... '^..........  'l.iy 

4 2.7 

A 3.0 

i\ 3.4 

7 3.5^ 

S 3.2 

0 3.0 

10 3.0 

i 

11 2.9 

12 2.8 

13 '  2.9 

14 3.0 

lo 3.0 

Hi 3.0 

17 3.0 

18 3.0 

19 '  2.9 

20 2.8 

I 

21 2.8 

22 2.8 

23 '2.8 

24 1  2.8 

25 '  3.2.'> 

26 2.9 

27 2.9 

28 1  2.8 

29 1  2.8 

30 ,2.7 

31 2.7 


Feb. 


9,4 

3fl 
2.9 
2.A 
3.4 

2>2 
2.4 
2.3 

2.1 

2.  a 
%% 
2.2 
2L3 
2.2 

2,1 
2.0 
2.2 
2.3 
2.1 

2.a 

2.fl 
2.4 
2.fl 
2.3 

2.3 
2.3 
2.3 


Mai-.   Apr.  Uaf-  Junfi. 


2,1 

2.1 
2,1 
2.1 
2.2 

2.1 
2.1 
2.1 
2.0 

I  2.0 


I 


2.1 
3.1 
2.0 
3.D 
2.1 

2.0 
3.2 
2.2 
3.2 
2.0 

2.1 
2.  a 
2.Sfi 
2,T 
3.35 

'  2.%^ 
,  2.S 
2.7 
'  2,75 
.'  3.1 
■  2.0 


I  2.ft 

3.7 

2.6 

I  2.5 

,  3,6 

'2.5 
I  2.5 

I  2.5 
I  2.4 
I  -** 

2.4 

i  2.3 

2.3 

1  3.3 

,  2.35 

'  2.4 

2,3 
■  2.3 
'  2.3 
I  2.3 

!  3.3 
2.2 
2.2 
2.2 
3.3 

2.3 
2.2 
3.2 
2.2 
2.  L 


f 
3.7    !  4.75 


2.(') 
2.6 
2.8 

2.8 


4.1 
3.  W 

4.8 


2.9 
2.8 
2.9 
2.9 

2.8 

3.2 
4.3 
4.1 
3.7 
3.5 

4.5 
5.4 
5. 15 


3. 5 
3. 2 
3. 2 
3.7 
3.75 

3.4 
3.  4 
3. 5 
3.  4 
3.3 

3. 2 
3.0 
3. 5 
3.9 
3.7 
3.5 


li.X 
3. 2 
3. 2 
3.1 


4. 4  3. 0 

2.5  A.W>  2.9 
2. 4  3. 9  3. 2.') 

2.6  3.6  3.1 
2. 8  3. 5  3. 0 

2.6  3.5  2.9 

2. 8  3. 4  2. 8 

2.  8  3.  3  2. 8 

2. 8  3.  2  2. 8 

2.9  3.2  2.8 


2.8 


2.6 
2.6 
2.5 
2.4 


2.5 
2. 5 
2.4 


2.0  2.4 

2,0  2.3 

2.0  I  2.2 

2.0  2.2 

2.0  ;2.i 

2.1  I  2.2 

2.3  I  2,2 

2.4  I  2.1 

3.3&  3.1 

2.7  Zl 


2.5 
2.4 
2.5 
2.3 

2.3 

2.9 

2.8 
2.0 
2.4 

2.4 

AJ 
2.5 
3.0 
2.7 

2.0 
2,7 
2,7 
2,fl 
2.5 
2-4 


2.4 

•1.  a:, 
2.9 

2. 5 

2. .'» 
'I  4 


3.  15 
2.S 
2.  6 


2.4 
2.3 

2.3 
2.3 
2.3 
2.  ■' 
2."  45 
2.4 


July. 


i.a 

1.7 
l.B 
l.S 
l.fl 

L8 
1.7 

1.7 

i.a 


2.1  1.S 
3.1A  t.fi 

2.2  LS 
3.2  l.« 
2a  l.S 


2.3 
2.1 
2a 
2.0 
2.1 

3.0 

1.9 
2.1 
2.1 


l.S    I 


I  2.4 

A.  -I, 
2.6 
2.6 
2.4 

'2.4 
2.3 
2.3 
2.  45 


2.4 
2.4 
2.  ;i,') 
2.3 

2.  3 
2.  3 


2.1 
2. 0 
2.1 
2. 0."j 


2.  I 
2.  15 
2.1 


1.7 

1.7 

l.ft 

I  I.S 

I  \.% 

I  I.fi 

t.S 

l.« 

I  \.& 

I  2.2 

'  1.9 
1.9 
l,g 

i.a 

l,s 
l.f» 


Atlg.  Sept,  I  Oc3t 


2.l> 

L9 
l.K 
1.9 
2.6 

2.& 

i.a 

1.8 
2.0 

a.o& 

2.3 
2.1 
2.0 
2,m 

2.0 
2.0 


1.9 

1.9 
1.9 
1.9 
2.1 

2.0 
1.9 
1.9 
1.9 
l.S 

1.7 
1.9 
t.« 

l.« 
K0 

1,« 
1. 


07  I  1.7 
2.05     l.§ 


2.45 

2.S 

2.1 

2.0 

1.9 

2.0 
2.0 
1.9 
2,0 
2lO 
2,0 


1.8 

l.g 
1.9 
1.9 
t.« 

l.S 
I  l.S 

',  I.a 

I  1.9 
1.8 


2,1     ,  1,7 

2.0  '  2.55 
1.8.5  1  1.9 
1.9     ,  1.8 


I 


1.9 
2.0 


1.8 
2.  15 
2.0 
1.9 

1 .  K.'-, 
1 .  95 
1.8 
l.S.') 
1.8 

1.8 
1.8 
2. 05 
1.9 
1.7 


1.6 
1.5 


1.7 
1.9 


1.7 
1.8 


1.8 
1.8 

1.7 
2.0 
1.8 

1.8 
1.7 

L85 
1.6 


1.8 
1.8 
1.7 

1.7 
1.7 

l.« 
1.7 
l.fl 
1.* 

I.a 

1.0 

1.S 
1.7 
1.8 
1.7 

i.e 

S.75 
1.8 
2.4 

2.3 
2,9 

9.S 
1.9 

1.7 

2.4 
2.^ 
2,1 
^1 
2.1 
2.1 


Not.  1 


1.8 
1.9 

1.8 
1.8 
1.6 


2.  3 
2.0 
1.9 


.6 


2.0 
1.9 

1.9 
1.8 
1.8 
1.7 
1.9 

1.9 
1.8 
1.8 
1.9 
1.9 


3.1 
2.1 
3.0 
2.1 
1.0 

l.i 
1.8 
1.7 
1.7 
1.9 

12L15 

2,2 
I  2.2 

2.0 

I  1.0    ' 
2.0 
2,6 
2L5 

2.4 
2i4 

t3 
3.4 
2.3 

2.3 

2,3 
2.2    , 
2.2    ' 


,  l.S 

I  1.8 

1.7 

1.6 

'  1.6 

1.5 
1.5 
1.5 
,  1.7 
1.6 


1.8  2.3  1.5  1.6 
2.35  2.1  1.5  1.7 

1.9  1.85  1.5  I  1.7 
2.0  1.8  1.5  1.6 
1.9  1.7  1.4  1.6 


1.8 
1.7 
1.6 
1.6 
1.6 

1.6 
1.6 
1.7 
1.6 
1.6 

1.5 
1.5 
1.5 
1.5 
1.6 
1.6 


1.6 
l.S 
1.7 
1.7 
1.7 

1.7 
1.8 
1.8 
1.7 
1.6 


1.6 
1.7 


2.4 
3.25 

2.0 

1.8 
1.8 

1.9 
1.8 
1.5 
1.6 
1.7 
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Dav. 


Jan.  '  Feb.    Mar.    Apr.  |  May. 


1  June.  July. !  Aug.   Sept.  Oct.  !  Nov. ,  Dec. 


1.5 
1.5 
1.5 
l.H 

i.n 


1.8 
1.9 

l.S 

1.8 
1.8 
1.7 
1.7 
1.8 


1.6 
1.7 
1.6 
1.5 
1.5 

1.6 
1.5 
2.0 
2.2 
2.0 

1.9 
2.0 
2.7 
2.7 
2.4 


1.7  2.4 

1.7  -2.2 

1.7  I  2.1 

1.8  ,  2.2 
2.1  2.2 


2.5 
2.0 
1.9 
1.8 
1.7 

2.3 
2.2 
2.0 
1.8 
1.6 
1.6 


1.5 
1.5 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.5 


1.5 
1.7 
1.6 
1.6 
1.5 


1.5 
1.6 
1.5 
1.4 
1.4 


1.6 
1.6 
1.6 


1.5 
1.4 
1.4 
1.4 
1.5 

1.6 
1.6 
1.5 
1.5 
1.4 

1.4 
1.4 
1.3 
1.5 
1.4 

1.6 
1.4 
1.5 
1.6 
1.6 

1.7 
1.7 
1.8 
1.6 
1.3 

1.4 
1.5 
1.5 


,  3.8 
i3.6 
I  3.0 

I  2.8 

'■' 

I  2.7    , 

2.75 
I  2.6     I 
!  2.5    I 

:  2.5 


2.3 

4.15 

3.75 

3.  as 

3.8 

3.3 
3.0 
3.0 


I    I 


2.5 
2.5 
2.4 
2.4 
2.4 


2.4 

2.3 

2.25 

2.4 

2.9 

3.1 
2.8 
2.7 
2.7 
2.6 

2.5 
2.6 
2.5 
2.5 
2.6 
2.6 


1.5 
1.5 
1.4 
1.5 
1.6 

1.5 
1.8 
1.7 
1.6 
1.6 

5.a5 
3.35 
2. 45 
I  2.2 
2.3 

'2.2 
I  2.2 

2. 1 

'  'II 
1  2.0 

2.4.1 

2.4 

2.2 

2.2 

2.1 

2. 2 
2.  25 
■I  2 
2  2 
•II 


2.5 
2.5 
2.4 
2.3 
2.3 

2.3 
2.4 
2.3 
2.3 

2.2 

2.2 
2.3 
2.3 
2.3 
2.2 


2.1 
I  2.1 
1  2.0 

2.1 
j  2.0 

1.9 
,2.1 
I  2.0 

2.0 


1.8 
I  1.9 

1.8 
'  1.8 

2.0 


2.3       1.9 

2.2  I  2.0 

2.3  I  2.0 
2.35  I  2.4 
2.3    I  3.1 


2.7 
2.3 
2.4 
2.3 
2.2 

2.2 
2.1 
2.1 
2.1 
2.0 


2.4 
2.2 
2.1 
2.1 
2.1 

2.0 
1.9 
1.9 
2.0 
1.9 
2.1 


2.8    , 
2.7 
3.3 
5.25  I 
3.65 

3.4 
3.3 
3.2 
3.1 
2.85 

2.7 
2.6 
2.5 
2.7 
4.3 


2.5 
2.5 
2.4 
2.4 
2.4 

2.3 
2.2 
2.3 
2.3 
2.2 

i  2.1 
'  2.3 

I  2.2 
2.2 


3.45  '  2.2 
2.9  '  2.2 
2.7     I  2.2 


2.6 
2.95 

3.6 
3.6 
3.2 
3.0 
2.9 

2.K 
2.9 

2.8 


2.2 


1.9 
2.0 


1.9 

1.9    I 
1.9    I 

2.0    ! 
!  1.9 
,  1.8 

1.7     I 
I  1.7    ' 

1.85  I 

I  2.1     : 
•  2.2 
i  2.55 

1  2.1 

1  2.0    , 
'  1.9 
I  1.8    I 

1.7  I 

1.8  I 

1.8 
1.9 
1.8 
1.8 
1.7 


2.8 
'  2.8 
I  2.6 
I  2.5 

2.5 

li:? 

2.6 

,2.4 

2.3 

I  2.3 

2.2 

2.2 

I  2.4 

I  2.8 
2.6 
'  2.5 
I  2.4 
I  2.3 


4.8 
6.3 
3.7 
3.8.5 

3.4 
3.4 
3.1 


2.3 
2.3 
2.3 
2.3 
2. 2 

2.2 
2.3 

2.3 

2.  :r) 


1.7 
1.7 
1.6 
1.5 
1.7 

1.7 
1.6 
1.6 
1.7 
1.6 

1.5 

1.55 

1.5 

1.55 

1.6 

1.45 
1.5 
1.5 
1.5 


,  1.5 
1.4 

I  1.9 
I  1.85 

I '1.65 

2.0 
1.9 

,  1-8 
1.55 
I  1.4 
I  1-4 


2.2 
2.1 
2.1 
2.0 
2.1 

2.1 
2.1 
2.1 
2.0 
2.0 

2.1 
2.2 

i  2.1 
2.1 

,2.1 

2.2 

I  2.5 
I  2.2 

I  2.0 

I  2.5 
2.2 

I  2.1 
2.1 
2.5 

I 

I  2.1 
2.1 
2.0 
1.9 

I   1.0 

I   l.« 


1.4 
1.4 
1.5 
1.5 
1.4 

1.4 

1.4 

1.4 

1.45 

1.5 

1.4 
1.5 
1.5 
1.4 
1.7 

1.6 
1.6 
1.6 
1.6 
1.7 

1.8 
1.8 
1.7 
1.7 
1.8 

1.7 
1.7 
2.0 
1.9 
1.8 
1.7 


I 


I  1.9 

1.8 

'  1.7 

I  1.8 

I  2.1 
'  2.6 

I  2.2 
,  2.0 

I 

1.9 
I  1.8 
!  1.8 

I  3.9 

2.2 
2.1 
2.0 
1.9 
1.8 

1.9 
1.8 
1.9 
2.0 
2.0 

2.0 
1.9 
1.7 

1 
1 
2.  ().' 


1.4 
1.6 
1.7 

1.6 
1.5 
1.5 
1.4 
1.4 

1.4 
1.4 
1.5 
1.6 


1.4 
1.5 
1.5 

1.5 
1.4 
1.4 
1.3 
1.4 

1.4 
1.4 
1.4 
1.5 
1.6 


2.5 
2.3 
2.1 
2.0 
2.0 

1.9 
1.8 
1.7 
1.6 
1.6 

1.6 
1.7 
1.7 
1.6 
2.6 

2.0 
2.1 
2.0 

1.8 
1.7 


i;i 


1.4 
1.5 
1.4 
1.4 
1.5 

1.4 
1.4 
1.3 
1.5 
1.6 

1.6 

1.5 

1.5 

2.05 

1.9 


1.8    I  1.7 


1.4 
1.6 
1.6 

1.4 
1.5 
1.5 
1.8 
1.7 

1.5 
1.5 
1.4 
1.3 
1.4 
1.6 


2.0 
1.9 
2.2 
2.0 
1.8 

1.8 
1.8 
1.7 
1.7 
1.6 


1.6 
1.6 
1.7 
1.7 


1.6 
I  1.6 

1.5 
I  1.5 


1.6 
1.5 
1.5 
1.5 
1.5 


1.7 
1.5 
1.5 
1.5 
1.5 

1.4 
1.5 
1.6 
1.6 
1.6 

1.5 
1.4 
1.7 
1.5 
1.7 

1.5 
1.5 
1.4 
1.5 
1.5 

1.6 
1.5 
1.5 
1.5 
1.5 

2.5 
2.1 
1.8 
1.7 
1.6 


^  ! 


1.55 

1.55 

1.5 

2.3 

2.4 

2.0 

1.6 
1.7 
1.7 
1.6 

1.6 
1.5 
1.5 
1.5 
1.4 

1.3 
1.5 
1.4 
1.5 
1.5 

1.5 
1.5 
1.5 
1.4 
1.3 

1.6 
1.5 
1.5 
1.5 
1.4 
1.5 
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2.9 

2.7 


3 

'  2.7 

4 

2.5 

5 

2.4 

6 

2.4 

7 

2.3 

8 

2.3 

9 

2.3 

10 

2.3 

11 

2.3 

12 

2.2 

13 

2.2 

14 

2.2 

15 

2.1 

16 

2.1 

17 

2.1 

18 

2.1 

19 

2.1 

20  .  . 

2  1 

21 

'  3.8 

22 

4.25 

23 

2.7 

24 

2  4 

25 

:.:.::::::::!  2:4 

26 

■  2.3 

27 

1  4.25 

28 

1  3.2 

29 

1  2.7 

30 

2.6 

31 

2.4 

1903. 
1 

6 

3.7 

2 

3 

1  3.9 

4.8 

4 

.  '  4. 5 

5 

4.3 

6 

4.3 

7  .  .. 

4.  1 

8 

3.8 

9 

16 

10 

2.8 

11 

2.8 

12 

2.7 

13 

0  7 

14 

2.6 

15 

2.  (\ 

16 

0   7 

17 

2.6 

18 

2.6 

19 

2.7 

20 

2  9 

21 

3  0 

22 

23 

a  9 

a  7 

24 

3. 5 

25. 

as 

26 

a  6 

27 

4.2 

2S 

4.  4 

29 

4.2 

30 

31 

ao 

XF> 

2.4 
2.4 
2.6 
2.5 
2.4 

2.3 
2.2 
2.1 
2.1 
2.3 

2.4 
2.2 
2.3 
2.2 
2.2 

2.0 
2.2 
2.1 
1.9 
2.0 

3.15 

4.7 

3.6 

3.5 

6.2 

10.5a 
5.15 
7.45 


as 
a  2 
a4 

4.1 

a  8 

as 
a  2 
a  2 
a  4 
a3 

4.5 
4.7 

4.5  , 

4.0   • 
as 

a  7    I 
as   I 
a  2 
ao   I 

2.8   I 

2.6  I 

2.5 
2.  S 
2.3 
2.6     ! 

ao   I 

4.4S  I 
5.75  i 


Mar.   Apr. 


7.0 
5.05 
4.6 
3.9 
4.0 

3.6 
3.5 
3.5 
3.7 
4.2 

4.4 
4.4 

4.8 
4.7 
3.9 

3.7 
5.1 
4.2 
3.7 
3.5 

3.6 
3.4 
3.4 
3.4 
3.1 

3  0 
3.0 
2.9 
3.4 
3.1 
3.0 


4.3 

as 
a  6 
a  9 

4.  1 

as 
4.0 
as 
a  6 
as 

a  3 
a  2 
ai 
ao 
ao 

2.9 
2.0 

2.8 

2.8 
2.7 

2.9 

ao 
ai 
as 
a  3 

a  2 
ai 
2.9 
2.8 
4.2 
4.0 


2.9 
2.9 

2.8 
2.8 

2.8 

2.7 

2.9 

3.9 

6.45 

4.45 

3.9 
3.6 
3.5 
3.3 
3.2 

3.1 
3.1 
3.0 
2.9 
2.9 

2.8 
2.8 
2.8 
2.7 
2.7 

2.6 
2.6 
2.6 
2.6 
2.7 


a2 
ai 
ai 
a  2 
ao 

I  2.9 
ao 

j  a2 
a  3 

I  ai 

ai 

I  ^1 
ai 

I  4.S 

s.  7 
a  7 

!  S.  45 

:  4.6 

1  4.3 

4.0 

I  as 
a  6 
as 
a  4 

'  a  4 

as 
a  2 
ai 
ao 
ao 


May.  June. 


2.6 
2.5 
2.5 
2.5 
2.5 

2.4 
2.4 
2.4 
2.3 
2.3 

2.4 
2.3 
2.3 
2.3 
2.3 

2,2 
2.2 
2.2 
2.9 
2.4 

2.3 
2.3 
2.2 
2.2 
2.4 

2.6 
2.2 
2.3 
2.2 
2.2 
2.2 


2.9 
2.9 

2.8 
2.9 

2.8 
2.7 
2.7 
2.7 
2.6 

2.6 
2.  S 
2.  S 
2.4 
2.4 

2.4 
2.5 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.  6 


2.S 
2.4 
2.4 
2.3 

a  3 

2.6 


2.1 
2.2 
2.2 
2.2 
2.1 

2.1 
2.1 
20 
2.0 
2.0 

2.0 
2.1 
2.2 
2.2 
2.2 

2.3 
2.4 
2.4 
2.2 
2.3 

2.3 
2.0 
2.0 
2.0 
1.9 

2.2 
2.2 
2.2 
2.2 
2.4 


2.5 
2.4 
2.3 
2.  3 
2.3 

2.  a'-) 

2.4 
2.  45 
2.  r. 
2,4 

2.  a'i 
2.5 
2.5 
2.  45 
2.5 

2.4 
2.3 
2.4 
2.3 


July. 


2.2 
2.1 
2.1 
2.0 
2.0 

1.9 
2.3 
2.7 
2.7 
3.5 

2.0 
2.0 
1.8 
1.8 
1.8 

1.8 
1.7 
1.7 
2.4 
27 

1.8 
1.8 
1.7 
1.7 
1.9 

1.8 
1.8 
1.7 
1.7 
1.9 
2.55 


a9 
ao 

2.8 

ao 
ao 

as 
2. 9 
2,8 
2.7 


a  3 

cl.9 

«ii 
a  7 
a  3 

ao 
ao 
a  2 
a  2 
ao 


ao 
ao 


2.4 
2.3 
2.  4   I  2.  7 
2.3   :  2.7 

2.  3.T      2.  (1 


1  2. 3 
I  2.3 
I  2. 3 
a  6 
1  ai 


2.  6 
2.  S 
2.  S 


Aug. 


2.6 
2.4 
1.8 
1.8 
1.9 

1.9 
1.9 
1.7 
1.7 
1.6 

1.8 
1.8 
1.7 
1.6 
1.6 

1.6 
1.4 
1.4 
1.5 
1.5 

2.0 
2.0 
1.9 
1.7 
1.5 

1.5 
1.5 
1.6 
1.5 
1.5 
1.4 


2.5 
•2.5 
2.4 
Z4 
2.6 

2,6 
2.7 
2.5 
2.6 


2.5 
2.5 
2.3 
2.3 


a  6 
a  2 
2.4 
2.4 
2. 3 

2  2 

2. 2 

o  o 


2.3 
2.1 
2.0 
2.7 
2.5 
2.4 


1.7 
1.6 
1.6 
1.7 
1.6 

1.5 
1.5 
1.4 
1.6 
1.6 

1.7 
1.6 
1.7 
1.5 
1.4 

1.6 
1.6 
1.6 
1.6 
1.5 

1.5 
1.4 
1.5 
1.7 
1.7 

1  8 
2.3 
1.6 
1.6 
1.5 


2.3 
2.2 
2.2 
2.1 
2.1 

2.05 

2.0 

2.1 

2.3 

2.2 

2.1 
2.1 
2.1 
2.2 
2.2 

2.1 

ao 

2.4 
2.2 
2.2 

2.1 
2.0 
1.9 
1.9 
1.9 

2.0 
2.0 
2.0 
1.9 
1.9 


1.7 
1.8 
1.6 
1.6 
2.3 

2.1 
1.9 
1.7 
1.7 
1.6 

1.8 
1.8 
2.1 
1.9 
1.8 

1.7 
1.7 
1.7 
1.6 
1.8 

1.7 
1.7 
1.8 
1.7 
1.7 

1.7 
1  7 
1.7 
2.1 
1.8 
1.6 


2.0 

L95 

1.95 

2.0 

L9 

1.9 
1.85 

ao 

2.5 
2.2 

2.1 
2.1 
2.1 
2.0 
2.0 

2.1 
2.15 

2.  as 

2.0 
2.1 

2.1 
2.1 
2.1 
2.1 
2.0 

2.0 
2.0 
2.0 
2,0 
1.9 
1.9 


Nov. ,  r^ 


1.6 
1.7 
1.7 
1.6 
1.6 

1.7 
1.7 
1.7 
1.7 
1.7 

1.6 
1.6 
1.6 
1.5 
1.5 

1.6 
1.7 
1.7 
1.6 
1.6 

1.6 
1.5 
1.5 
1.5 
1.6 

1.8 
2.2 
2.1 
1.8 
2.3 


I  1.85 

I  1.9 

i  1.9 

1.9 

■  1.8 

1.8 

1.8 

1.85 

1.85 

1.85 

1.8 
1.9 
1.9 
1.9 
1.85 

l.SS 

1.95 

1.9 

1.9 

1.9 

1.9    1 
1.95 
1.95  I 
1.95 
2.0 

1.8 
1.8 
1.9 
1.9 
1.9 


«  r.apc  height  estimated  February  2r.,  VM'}- 
Z"  Ice  eon<lit ions  during  i)art  of  DtKN'irilMT.  wn)^. 
flligliost  H'cord,  10.2  fcot,  0  p.  in..  July  12,  1<K)3. 
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DaUy  gage  height  ^  infeetf  of  Antidam  Creek  near  Sharpshurg,  Md. — Continued. 


D*y. 

,«,. 

F*b. 

Mat. 

Apr. 

May. 

JaBe. 

July. 

Awg. 

hept. 

Oct. 

No^. 

D«c. 

IQOCa 
1 „ 

L9 

1*0 

L7* 

XI 

l-ft 

LB 

i.R 
Lsa 

L» 

L8S 

L7 

L7 
1.7 
I.S 

Li 

LftS 

LO 
1.0 

I.S 

1.0 

L6 
L6 
1.5 
1.6 
1.5 

ZO 

l.a 

L55 
l.fl 

i.rt 

1.0 
l.tt 
1.6S 
16 

16 

IfS 

185 

L75 

10 

10 

1-65 

145 

16 
la 
Ifi 

ZilS 

ZO 
ZO 
ZO 

ZO 
ZO 
Z2 

zas 

Z3 

ZO 
ZO 

la 

18 
ZO 

Z3 
Z3 

Zl 
Zl 
Zl 

Zl 

15 
15 
15 
1* 
155 

15 

lis 

15S 

145 
186 

10 

155 

15 

1(J5 

165 

Ig 
10 
15 
14 
1€6 

16 
HJ 
155 

145 

15 

1^ 

15 

15 

14S 

L4fi 
146 
14 
156 
I.S 

145 
16 
145 
145 
16 

15 

16 

176 

10 

16 

146 
14 

15 
15 
15 

165 

1&3 

165 

Ifl 

15 

165 

16 

16 

155 

146 

16 

15 

15 
145 
16 
15 

146 

14 

15 

15 

16 

15 
15 
10 

15 
106 

15 
15 
14 
14 
15 

15 
155 
155 
15 
155 

15 
145 
135 
145 
15 

145 

a ....  

1.46 

3 „„ 

^..,.. 

145 

i.„__, , 

1.46 

5, ..._,_,_ „ 

-,...J,..-i.' 

1.4 

fl „._„ „ 



15 

!.._. ..,..,.,... 

L45 

«. , , 

L45 

ff ,         

145 

111..- :.:::::.:.:„ 

IS 

ii...,_„„ 

' 

LAfi 

ML 

M2 
Z2 
L9 

L7S 

LT 
L7 
1.7 
1.7 
1.5 

l.M 

LB 

L7 

1.76 

LSfi 

L7 

L« 

Ifl 

LSS 

L7 

LS 

l.li 

L8 
l.Sfi 
I.S 
Z&5 

Zl 

ZO 

t.&fi 

1.K5 

L8 

1.7fi 
l.W 
L8 
1.S5 
a  25 

Zlfi 
Z05 
ZO 
Z^ 
Z4 

1« 

za5 
so 

105 

Z25 
ZO 

L4 

^..^^..^""V.V.S........ 

:.;,„ . 

Lfl 

I4....._ ,_ 

L5 

J4. ::::::...:/. 

14A 

M „.... 

1.65 

17 .„ 

165 

15 ..:::::::::::::::.:: 

1.65 

M  ---.-.. 

165 

3o...,_. ' " 

IB 

ai _ 

1.65 

a„ '' ' 

1.55 

n "  ■' ' 

1. 55 

U -".--.""".- 

: 

1,6 

25 ■  ■■■ 

165 

175 
L7 

ae.,.. 

2? "  '*  ' 

»„,_        - 

IS 

30 ■  -      - " 

Z  15 

»„,_. ...--..... 

Z05 
LT6 

an....    "-* ' 

J                  I9Q»,f 

L65 
t.6 

U7 

L75 

L» 

L75 

317 
3.2JS 
Xi 

2.1 

14£ 
Z2 
2.  OS 

%4& 
2.  AS 
2.1 
LttS 

to 

1.RI5 
17a 

ts 

2.05 
2.0 
10 
1.9 

LS5 

L9 

L7S 

2.0 

ZO 

L85 

tfi 
IS 
L9 
l.Q 
1.7A 

IS 

18 

LS5 

IS 

1.S5 

I.S 
L7 
L7 
1.7 
1.7 

1.7fi 
1.W6 
1.S& 

"... 

L75 

L7 

1.7 

L7 

LOS 

iO 
Zl 
ZIS 

ai 

2LS 

317 
IBS 

ai 
ao 

^4 

a« 

ai 
ao 

2,0 

2.^ 

Z1& 
Ifl 
2.6 
Z« 
Z7 

2.S 

z.'ia 
as 

Z5 

2,56 
2.SS 
Z45 

zs 

Z45 

Z4 
Z4 
Z3 
Z3 

za 

Z3 
Z3 
Z? 
Z2 
Z2 

Zl 
Zl 
Zl 
Zl 
Zl 

Zl 

Z0,5 

Z05 

zo 

zo 

zo 

zns 

zo 

zo 

zo 

1,W5 
Z03 

zo 
zo 

Z25 
Z05 
Z05 

l.WI 

1.S5 

LS 

1.8 

1.85 

1.8 

LS5 

1.0 

to 

L8S 

to 

l.A 
L7S 
1.7 

L75 

Zt5 

S.I 

l.&'i 

Lft 

Lfi 
Zl 
Z2 
ZO 
L9 

LH 

1* 

1.75 

1.7 

Lfi 

Z(15 
ZO 
20 
Zf. 
Z2 

1.0 
ZO 
1.05 
LUS 
1.85 

a.._.     ^ ---. 

3.,^..    "  "  " 

4 "" -„-...,.,. 

5 ■ 

«..--. 

7..,,               ' ^.  — ..- 

8,..-..      * 

g ' ' 

M,_. !;!"""'""" 

11.-,.. 

13-*..     "  ""' "■---- 

13 .-.^-.-^ 

M...,         " '        ' 

l5*-,.._  -■'■■-'*'-'"" 

W 

17,..,        " ■' 

IS—..      -—",.*,,,*...,*,, 

n... 

2?..,^     "■' 

Z3 

zz 

Zl 

ap5 

23 '"" ,--,,-,, 

Z5,„.,_   '— *"- "" 

zo 
zo 

ZliS 
Z45 

2g            ""'■■"   -^     ■  ■- 
30...  '-  ■' - - 

^ 

a  Ico  conditions  during  Jnnnrtr>-.  10O4. 

t>  Ico  carriod  gngo  away  .laniiary  23.  U*04;  rtH'stablishod  July  12,  1W4. 

c  Ice  conditions  during  p&n  of  "Fo])niary,  1905. 

<*Gage  washed  out  August  20.  1005. 
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THE   POTOMAC   RIVER   BASIN. 


Rating  txible  for  AfUietam  Creek  near  Sharpsburg,  Md.,  from  June  2^,  1897,  to  Au^ 

26,   1905.a 


Gage 
hei^t. 

Discharge. ! 

Gage 
height. 

1  Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.30 

59 

2.60 

399 

1.40 

74 

2.70 

1             437 

1.50 

91 

2.80 

'.          476 

1.60 

110 

2.90 

517 

1.70 

131 

3.00 

560 

1.80 

153 

3.10 

m5 

1.90 

177 

3.20 

652 

2.00 

203 

3.30 

1              701 

2.10 

231 

3.40 

'              752 

2.20 

261 

3.50 

1              805 

2.30 

293 

3.60 

1              860 

2.40 

327 

3.70 

,             915 

2.  .'50 

362 

3.80 

975 

Gage 
height. 


Feet. 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 


a  This  table  is  strictly  applicable  only  for  open-<:hanncl  conditions.  It  is  based  on  dischai^  metisare 
mcnts  made  durin?  1897-1904.  It  is  well  defined  between  gage  heights  1.7  feet  and  3.5  feet.  Estinuks 
above  3.5  feet  and  \)elow  1.7  feet  are  based  on  the  extension  of  the  area  and  velocity  curves.  Overflcnr 
at  this  section  begins  at  about  gage  height  6.0  feet.  It  was  assmned  to  amount  to  300  second-feet  lit 
gage  height  10.0  feet,  or  a  mean  velocity  In  the  overflow  portion  of  about  one-half  the  velocity  in  the 
main  channel. 

Estimaie-d  monthly  discharge  of  AnHetam  Creek  near  Sharpsburg,  Md. 
[Drainage  area,  295  square  miles.] 


Discharge. 

1   he'ight. 

Di8chargt>. 

Second-feet. 

!      Feel. 

Str&^ftet 

1,035 

6.40 

%m 

1,095 

6.60 

2,955 

1,215 

6.80 

3J35 

1,345 

7.00 

3.2K 

1,475 

7.50 

3,7« 

1,610 

8.00 

i.a» 

1,750 

8.50 

4.<1» 

1,890 

9.00 

>JflC 

2,030 

i        9.50 

Kl^ 

2,180 

1       10.00 

^.m 

2.330 

1      10.  r.0 

ft.sas 

2,480 

1 

2,635 

Month. 


Discharge  in  second-feet. 
Maximum.  I  Minimum.      Mean. 


1897. 

.July 

A  upii.st 

SoptcmU^r 

0('tol»er 

Novenil>er 

DeTOml>cr  

.January 

P'obrnary , 

March.  ' 

.\l)ril 

.May 

June 

July 

Aupust 

Soi>tcinl)cr 

Ootol«or 

Xovom])or 

I)oceml»or 

The  y<'  r 

i8<n». 

.January 

February 

March. ." 

April 

May 

Juno 

July 

Aujfu.st 

Soptombor 

Ol'tolKT 

Novoinlier 

DecomluT 

The  yea  r. . 


231  I 
560  i 
177 
153  I 
437 
362  ; 


100  1 

14<> 

74 

ini 

74 

114 

74 

109 

74 

140 

110 

210 

Run-off. 

Per  cent 
of  pre- 
cipita- 
tion. 

Pra^ipitstioo. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

In 
inches. 

iDrbes. 

0.  4>I5 

0.571 
.630 
.431 
.4*25 
..SSO 
.821 

.546 

.386 

369 

.475 

.712 

«28  1 

91 

303 

i.ai 

517 

203 

;i02 

1.02 

676  1 

203 

312 

1.06 

476  1 

231   1 

316 

1.07 

676  i 

2a3  ' 

375 

1.27 

327  1 

153  , 

226 

.766 

261 

131 

159 

.539 

1,799 

l.W  ' 

322 

1.09 

231 

131  1 

167 

.ms 

4.'V(i 

91  1 

200 

.  r)78 

399 

131  , 

249 

.844 

4,015 

203 

598 

2.a3 

4,015 


8.32  1 
2,a'W 
1.610 
752  ' 
517 
945 
246 
778 
293 
1.S3 
.327 
418 


M) 

529 

327 

682 

.'i60 

897 

:«7 

483 

261 

S.'W 

203 

317 

110 

169 

110 

200 

110 

UK) 

74 

109 

91 

144 

01 

133 

1.79  I 
2.31  I 
3.04 
1.64  I 
1.21  ' 
1.07 
.572 
.  678 
..M2 
.3<)9 
.4HK 
.  4.'')1 

1.  IS 


1. 19 

1.0«> 

1.22 

1.19 

1.4«> 
.  855 
.621  , 

I.2»i  I 

6.32 
.782 
.942 

2.  34 

13.  5.5 


2.06  I 
2.40 

3.50  ; 

1.83  I 

1.40  I 

1.19  I 
.6W 

.782  I 

.(K)5  I 

.42.')  I 
..'>44 
.  .?J0 

ir,.  92  1 


;:i;  i;::::::i^^=^ 


.56 
88 
193 
28 
28 
60 
20 
13 
26  I 
22 
23 


2.00 
4.  .30 
4.00 
.95 
.'>.08 
4.19 

1.  10 
3.85 
4.68 
1.63 
2.46 

2.  2^'t 


;i,flT 

4.07 

l.J) 

1.74 
'.HI.  > 
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ated  monthly  discharge  of  Antietam  Creek  iiear  Sharpsburg,  Md. — Continued. 


Di  scha 
Maximum. 

362 
1,185 
975 
362 
605 
380 
203 
203 
153 
217 
362 
327 

I,IS5 

rge  in  second-feet. 

Run- 
Second - 
feet  per 
square 
mile. 

.536 
1.26 
1.46 
.986 
.753 
.614 
.390 
.380 
.311 
.336 
.386 
.373 

.649 

off.             1 

Depth  in 
inches.    : 

.618 
1.31 
1.68 
1.10 
.868  1 
.685 
.450 
.438 
.347 
.387 
.431 
.430 

Per  cent 
of  pre- 
cipita- 
tion. 

26 
34 
62 
80 
34 
15 
10 
15 
16 
28 
14 
27 

Precipi 

In 
inches. 

2.34 
3.82 
2.71 
1.38 
2.52 
4.52 
4.34 
3.00 
2.25 
1.37 
.3.07 
1.59 

tation. 

th. 

i 

Minimum. 

91 
91 
277 
203 
153 
131 
74 
74 
74 
.59 
74 
,59 

59 

Moan. 

158 

372 

432 

291 

222 

181 

115 

112 
91.7 
99.1 

114 

110 

192 

Lo.ss  in 
inche.s. 

a. 

1.72 

2.51 

1.03 

.28 
1.65 

3.84 

3.89 

2.56 

■  «i 

1.90 
.98 

2.64 

1.16 

year 

8.75 

27 

32.91 

24.16 

1. 

131 

1.53 

i,995 

1,92.5 

2,715 

476 

362 

1,03.5 

399 

261 

110 

I,. 540 

74 

59 

74 

362 

231 

261 

153 

131 

110 

91 

74 

261 

90.5 
92.4 

285 

632 

523 

341 

238 

218 

171 

130 
98.4 

978 

.307 
.313 
.966 
2.14 
1.77 
1.16 
.807 
.739 
.580 
.441 
.334 
3.32 

.3.54 
.326 
1.11 
2.39 
2.04 
1.29 
.930 
.8.52 
.647 
.508 
.199 
.494 

16 
52 
28 
42 
36 
29 
25 
20 
26 
57 

2.16 

.63 

3.92 

5.73 

5.71 

4.43 

3.77 

4.33 

2.51 

.89 

ft  2. 36 

6  5.83 

1.81 

.30 

2.81 
.  3.34 

3.67 

3.14 

2.84 

3.48 

1.86 

.38 

1-16 

28-31... 

year. . . . 



42.27 

1,248 

6,835 

3,29.5 

2,8;J.5 

517 

327 

805 

399 

293 

293 

293 

1,1.5.5 

6,s:i5 

1,610 

2,292 

1,2^) 

3,040 

701 

8<i0 

4.110 

H«)0 

.5»iO 

.5^.0 

2f);i 

4. 1 10 

2. 

231 

.517 
.3W 
2ti| 
177 
131 
74 
74 
110 
91 

i.5;j 

74 

.199 
293 
437 
517 
293 
293 

:^2 

203 

Hi:) 
i:.;^ 
ir,;{ 

410 

871 

1,068 

r.62 

313 
249 
232 
141 
113 
150 
131 
570 

409 

843 

849 
7.50 

.398 
.3.50 
7.38 
3.54 
242 
22*5 
172 
1% 

.504 

1.39 
2.95 
3.62 
2.24 
1.06 
.844 
.786 
.478 
.383 
.508 
.444 
1.93 

1.39 

1.60 
3.07 
4.17 
2.50 
1.22 
.942 
.906 
5.51 
.427 
.586 
.495 
2.22 

18.69 

48 
69 
105 
98 
97 
22 
29 
60 
26 
16 
20 
56 

52 

3.30 
4.44 

3.98 
2.54 
1.26 
4.28 
3.09 
.91 
1.64 
3.73 
2.48 
3.98 

3.5.63 

1.70 

1.37 

-  .19 

.04 

.04 

3.34 

2.18 
.36 

1.21 

3. 14 

1.99 

1.76 

yo!!  r 

16.94 

A. 

2.86 
2.88 
2.  .54 
3.14 
1.35 
1.19 
2.50 
1.20 
.820 
.766 
.583 
.(V61 

1.71 

3.30 
3.00 
2.93 
3.50 
1.56 
1.33 
2.88 
1.38 
.915 
.883 
.650 
.762 

23. 09 

84 
109 
91 
94 
36 
23 
40 
27 
.    57 
27 
47 
69 

.53 

3.a5 
2.74 
.3.23 
3.73 
4.28 
5.86 
7.20 
.5. 10 
1.60 
3.21 
1.38 
1.11 

43. 39 

0.65 

-  .26 

.30 

.23 

2.72 

4.53 

4.32 

3.72 

.68 

2.33 

.73 

c 

year 

.35 
20.30 

o  Disoharpi'  int<»rpnlat«'(i  Soptcinhor  17.  1900. 

t>  Prooipitation  for  cotnijlctoiriontli,  NovcmlxT  ami  Det'omber,  1901. 

<  ioe  conditions  fluring  part  of  Dwrmbor,  VMV.  no  correction  made  in  estimatos. 
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Estimated  vumthly  discharge  of  AiUictam  Creek  near  SharpAurg,  Md. — CoDtiDued. 


Discharge  in  Hccond-fect. 


Run-off. 


Mouth 


1904. 
JHiuiiiry  1  23" 
Fol»nn»ry 
Man'h 


PrpcipiutiMi 
Per  cent  I  —    - 

of  pre-  I 

cipTta-         In       Lao:i 
tlon.     I  inches,  inrtie? 


'V\w  yoar. 


«» Ici?  conditions  during  Januar>',  1904;  no  conrotion  made  in  estimates. 

^  Pnt'lpitution  for  complcto  month,  .lanuarj'  and  July,  1904. 

<■  ice  comiition.s  «iuring  part  of  Fobniarj'.  ll'x).'»:  no  correction  made  in  cstiniatc«. 

d  I'rccipitation  for  conii)]ctc  month,  August,  IIKX'). 

MISCELLANEOUS  DISCHARGE  MEASUREMENTS  IN  POTOMAC  RIVER  BASIN  BETWEEN  MOUTH 
OF  SOUTH  BRANCH  AND  SHENANDOAH  RIVER. 

Tlie  following  lui.scellanoous  discluii'^c  incasurements  have  been 
made  in  the  (lraiiia<^e  basin  of  ]\)(()inae  River  between  the  mouth  (»i 
South  Branch  and  Slienan(h)ah  River: 

MiscelUnu'ons  disrhanjc  niaiJiureincuti*  in  Potonuic  liirrr  hdiiin  hctireai  mouth  af  South 
Jininch  and  Shcnmidoah  A'/rr/N. 


Pate. 


I.ocalitv. 


wi.m..L\!r!^::/i^i^'  "■- 


1S«.»7. 
S«'ptoin])cr  : 


Town  ('reck. 


.Scptrmhcr  2<»..'  Little  Tacapon  Kivcr. 
Sopt«'inbrr  2«i. .    rnrsljuic  liun 

Do KifliMMimilc  Crook.  . . . 

Do Sideling  Hill  Creek.  . . 

Septenihor  2'»..'  (Jrojit  Cacapon  River. 

OctoherU Sir  Johns  Rtm 

Do I  Tonolowav  Creek  .  .  .  . 

I>o I  Potomac  kiver 


'JW)  yards  above  C]ies«|M')ike 
and  Ohio Canal.an<l.Uiiiles 
below  junction  of  N«>rtli 
and  South  l>ranche.s  of  Po- 
tomac River. 

Near  Little  Cacapon,  W.  Va. 

Near  Pawpaw  .  \V.  Va 

Near  Little  Orleans.  Md 

.vbovo  slack  water,  near  Line- 
burg.  W.  V'a. 

One-half  mile  above  nwMith. 
near  (iH'at  Cacapon.  \V.\';i. 

NeariSir  Johns  Riiii.  W.  \  a. . 

Noiir  ILincfK'k.  .Md 

M  Hancock.  Md 


a  Re.si«lents  state  river  very  low. 


/V/7. 


Square   Ft.  prr 
fret,      second.  .Src.-/'- 


.  .V)  ' 

i.(u 

A.  2     ' 

l.tiS 

1  :m      1 

.50 

1- - 

.5 

1.4 


9 

,.4 


302 


STREAM   flow:    SHENANDOAH   BIVEB   BASIN. 
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Miscellaneous  discharge  measurements  in  Potomac  River  haain  between  mouth  of  South 
Branch  and  Shenandoah  Rivers — Continued. 


Date. 

Stream. 

Locality. 

Width. 

Area  of 
section. 

2.1 
4 

3 

36 

11 

Mean 
veloc- 
ity. 

Ft.  per 

second. 

1.28 

L40 
.77 

.61 
.59 

Dis- 
charge. 

1897. 
September  30.. 

.lctol>er  1 

Do 

Warm  Spring  Run . . . 

Great        Tonoloway 
Creek. 

Sleepy  Creek 

Below  Baltimore  and  Ohio 
R.  R.,  near  Hancock,  Md. 

Short  distance  above  Chesa- 
peake and  Ohio  Canal  auuo- 
duct,  near  Hancock,  Ma. 

One-fourth  mile  above  Bal- 
timore and  Ohio  R.  R. 
bridge,  near  Munson, 
W.Va. 

Short  diflUnce  above  Chesa- 
peake and  Ohio  Canal  aque- 
duct, near  Emstville,  Md. 

Near  Baltimore  and  Ohio 
R.  R.  bridge,  above  North 
Mountain.  W.  Va. 

Near  mouth,  near  North 
Mountain,  W.Va. 

At  Charles  Mills,  near  Big 
Spring,  Md. 

At  Charles  Mills,  near  Four 
Locks,  Md. 

500  feet  below  northeast 
turnpike  bridge,  near  Wil- 
liamsport,  Md. 

Near  mouth,  near  Bedington 
W.Va. 

Street  crossing,  below  south 
end  drain,  Hagerstown, 
Md. 

At     Stouebreaker's     paper 
mill,    near    Hagerstown, 
Md. 

Feet. 
6 

9 
8 

33 
29 

5.6 
2.3 

Do 

L>ctober  7 

Licking  Creek 

Back  Creek 

23 
C.5 

Dctol)er  8 

do 

50 

^tober? 

Do 

Big  Spring  Run 

Li  t  tie  Conococheague 

Creek. 
Conococheague  Creek. 

Opequon  Creek 

Marsh    Run    (tribu- 
tary to   Antietam 
Creek). 

Antietam  Creek 

4 
2.5 

7.2 
L2 

.53 
2.08 

3.9 
2.6 

Jctol^cr  2 

>cto»)er  8 

)cto»>er9 

1808. 
)ctober2 

125 

58 
4 

68 

124 

65 
3.1 

(38 

1.60 

.77 
L16 

1.03 

198 

50 
3.6 

o70 

1894. 
ruly2 

1897. 
October  13..  .. 

Potomac  River 

At  Harpers  Ferry,  W.  Va 

61, -223 
«377 

do 

do 

t 

i 

o  Gage  height  on  Antietam  Creek  at  Sharpsburg,  Md..  1. 8  feet. 

*  Gage  height  on  Potomac  River  at  Harpers  Ferry,  W.  Va.,  2.52  feet. 

c77  second-feet  in  river,  and  300  second-ieet  in  Pulp  Company's  canal. 


SHEXAXDOAH  RIVER  BASIN. 

SOUTH  FORK  OF  SHENANDOAH  RIVER  BASIN. 

SOUTH   RIVER   BASIN. 
SOTTTH  RIVER  AT  BA8I0  OITT,  VA. 

South  River  rises  near  Greenville,  in  the  southern  part  of  Augusta 
County,  Va.,  and  flows  eastward  and  northward  to  Port  Republic, 
Rockingham  County,  where  it  unites  with  North  River  to  form  South 
I^^ork  of  the  Shenandoah.  Its  drainage  area  is  245  square  miles.  It 
is  fed  by  numerous  springs  and  is  utilized  to  a  considerable  extent  by 
small  mills. 

The  gaging  station  was  established  June  29,  1905,  by  N.  C.  Grover, 
^^  connection  with  the  investigation  of  stream  pollution  in  the  Shen- 
andoah Valley.  It  w^as  discontinued  July  16,  1906.  It  is  located  at 
the  highway  bridge  one-half  mile  below  the  Chesapeake  and  Ohio 
^ail^ray  bridge  at  Basic  City,  Va. 

IRK  192—07 7 
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The  channel  is  straight  for  300  feet  above  and  500  feet  below  the 
station.  The  current  is  sluggish  at  ordinary  stages.  Both  banks  are 
subject  to  overflow,  the  right  bank  only  during  very  high  water.  The 
bed  of  the  stream  is  composed  of  rocks  and  mud  and  is  liable  to  chas^ 
after  floods.  The  approximate  depth  of  water  is  3  to  4  feet  at  medium 
stage.  Gage-height  observations  and  measurements  are  afl'ectedbT 
flour  mills  above  the  station,  which  cause  rapid  fluctuations  in  the 
gage  height  at  times. 

Discharge  measurements  were  made  from  the  upstream  side  of  the 
single  span  bridge  to  which  the  gage  is  fastened.  The  initial  point 
for  soundings  is  the  face  of  the  right  abutment. 

A  standard  chain  gage  is  fastened  to  the  upstream  hand  rail  of  the 
bridge.  The  length  of  the  chain  from  the  end  of  the  weight  to  the 
outer  edge  of  the  ring  is  20.84  feet.  The  gage  was  read  once  each 
day  by  F.  J.  Bates.  Bench  mark  No.  1  is  the  upstream  comer  of 
the  lowest  step  of  the  wing  wall  of  the  bridge  at  the  right  bank,  near- 
est the  river.  It  is  marked  with  red  paint.  Its  elevation  is  13.97 
feet  above  the  datum  of  the  gage. 

Estimates  at  this  station  above  gage  height  2.4  feet  are  considered 
to  be  within  5  per  cent  of  the  true  discharge  for  normal  conditions 
of  flow.  Below  2.4  feet  the  probable  error  is  from  5  to  20  per  cent. 
The  flow  during  the  winter  of  1905-6  was  probably  unaffected  by  ice 
conditions. 

Discharge  meoHuremcnis  of  South  Hirer  at  Basic  Cityy  Va. 


DftU\ 

1     (la«' 
h.'ifrht. 

FfH. 
2.  59 

,  Di.H'hargo. 

Sfiomi-ffct 
'                 72 

•i3 

Dale. 

19a'). 

I)eci'inl>«>r  29 

hSSK.  "-'"^ 

ISOf). 
Atigiist  5fl 

Tvino  11 

Feet.      Sfcond-UC- 
4  05                ^ 

19W.. 
April  11 

3.25  '              "^ 

June  29 

2.fi2 

.IniH'  14 

2«^              » 

September  1<» 

..       '          2.  .'.2 

1 

1 

!            _ 

At  rupi'la.  2(X)  fi-et  above  iron  bridge. 


STREAM   FLOW:   SOUTH   RIVER. 
Discharge  measurements  of  South  River  at  Port  Republic,  Va. 

Date. 


Date. 

^i^t.  ■>" 

1895. 
5t  6 

Feet.      Sec 
1.62  ' 

8t  29 

1.34 

1896. 
5 

1.40  ' 

30 

1.63 

1897. 
h  23. 

2.30  ' 

114 
87 


113 
139 


Gage 
hei^t. 


1897. 

April  19 

June  1 

July  24 

November  7 


March  11. 


1899. 


Feet. 
1.88 
1.87 
1.40 
1.80 


3.70 


95 


Discharge 


Second- ftet. 
202 
182 
132 
173 


\,hJ2 


Daily  gage  height,  infect,  of  South  River  at  Port  Republic,  Va. 


Day. 


1895. 


Aug.  j  Sept. I  Oct. 


12 

1. 
I. 


-  *'L 

.  1.08 

.  1.06 

.i  1.06 

.:  1.06 


1.34 
1.34  I 
1.34 
1.32 
L32 

1.32 

i.a 

IJW 
L35 
1.32 
1.3 
1.3    , 


1.2 
1.2 
1.2 
1.2 
1,2 

IJT 

Iti 
1,3 

ua 

LS 

1.2 
1.2 
1.2 
1.2 


NpV.     1>DC> 


V,2 
L3 
1,3 

1.3 

1,3 

1.3 
13 
1.3 

i.a 

LA 
1.3 
1.3 


1.3 
1.4 

i.4 

1.3 

1.3 
1.3 
1  3 
1.4 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 


16.. 

Day. 
1805. 

Aug. 
l.OTi 

17 

I  05 

18 

\  Oti 

19. 

1.05 

20 

l.Ot^i 

21. 
22. 
23. 
24. 

»., 

26. 
27. 
28., 
29. 
30. 
31. 


.!  .06 

.1  ]  05 

.  I  a'* 

.  1.04 

.1  1.42 

.!  1.4 

.  1.4 

.  1.37 

.  1.34 

.  1.3 

.1  1.3 


1.3 

1,3 

f.3 

1.25 

L3fi 

1.36 

1  35 

1.25 
1.25 

1.25 

I. a 

1.3 
12 
1.2 


Oct.    Hov.     Dec 


13 
U3 
1-!I 

12 

1.2 
1.2, 
1.2  I 
1.2  I 
1.2 


1,3 
1.3 
13 

1,25 

1.2.5 

1.25 
1.25 
1.25 


1.2  I  1.3 
1.2  I  1.3 


1.2  I 
1.2  I 
1.2 
1.2  ' 


1.3 
1.3 
1.3 


1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
2.1 
1.8 
1.6 
1.6 

1.6 
1.8 
2.1 
2.1 
2.1 
2.0 


Day. 


1896. 


Jan.  I  Feb.    Mar.  |  Apr.  I  May. 


June.  July.  Aug. '  Sept.  '  Oct.  I  Nov. 


1.8  I 
1.8  ' 
1.8 
1.7 
1.6 

1.5 
1.4 
1.4 
1.3 
1.3  I 

..3! 

1.3 
1.3 
1.2 

1.2 

1.2 ; 

1.2  I 

1.2  ' 
I 
1.2 
1  '> 

4.<» 


2.0 
2.0 
2.3 
2.5 
2.5 

3.15 
3.6 

3.1  1 
3.1 
2.7 

2.5    I 
2.3 
2.3 
2.8    ' 
2.7 

2.:) 

2.4 
2.3     i 
2.3 

2.2  j 

2.2 

It  ' 

2.  1 
2.1     . 


I  2.0 

2.0 

I  2.0 

I  2.0 

2.0 


l.S.'S 
1.H5 
1.85 
l.HTi 
2.0 

2.0 
2. 2 
2.2 
2.S 
4. A 

HA) 
2.6 
2.  «•) 
2.  5 


3.2 
3.0 
2.8 
2.7 
2.5 

2.5 
2.4 
2.3 
2.3 

!  2.2 

2.2 
2.2 
2.2 
2. 15 
2. 15 

2.1 
2.0 
2.0 
1.9 
1.9 

1.9 
l.S 
1.8 
l.H 
2.  0 


1.7  1 
1.7 
2.2 
2.2  I 
2.2  I 

2.2, 
2.1  I 
2.0 
1.9  1 
1.9 

1.8  I 
1.7  I 
3.0 
2.0  I 

1.8 
1.8' 
1.7  ■ 
1.6  I 

,.6  I 

l.C  ' 
1.6  I 


1.6  . 

1.5 

1.5 

1.5 

1.5 


2.5 
2.5 
2.5 
2.0 

1.8 
1.8 

lie 

1.6 


1.8 
1.8 
1.7 
1.6 


1.7 
1.7 
1.7 
4.8 
3.2 


1.5 
1.5 
1.5 
1.5 
1.6 

1.45 
1.45 
1.4 
1.4 
1.4     ! 


2.7  1.4 
2.5  1.4 
2.4  I  1.4 
2.3  2.0 
2.3     1.6 


3.0     2.0       2.4  2.0 

2.7  I  2.0       2.4  ,   1.9 

2.4     2.0       2.4  1.8 

2.3     2.0       2.5  1.7.=-, 

2.2    \  li.A  1.7 


2.  J 


'  :i.  2 


l.ii 
l.H 

i.r. 

1.0 
!.♦) 
\J\ 
l.C) 

I.r, 
l.H 


2.5 
2.2 
2.2 
2.5 

2.0  i 
2.0  j 

1.8 
1.7 

1.7     ■ 


2.0 
2.0 
1.7 
1.8 
1.8 


2.0 

2.0 

2.0 

1.9 

1.9 

1.7 
1.0 
\A\ 


1.6 
1.6 
1.5    1 
1.5 
1.5     , 

1:^  I 

1.5 
1.5 
l.f.5 

1.5 
1.5 
1.5 
1.5 

\.Ar> 
\.4r> 


r 


1.4    ! 

1.4 
1.4 

1.4     I 

..4    I 

l:t  I 

1.4 
1.4 
1.4 

1.4 

1.4 

1.35 

l.:<5 

1.3.5 


5.0 

.3.3 

3.0 

2.75 

2.4 

2.3 
2.3 
2.2 
2.1     ! 
2.0 

2.0    I 

1.95 

1.95 

1.9 

1.85 


1.3o  1.85 
1.35  !  1.S5 
1..^5  I  1.X5 
1.35  '  1.85 
l.li")  1  l.S 


1.3 

!.;{ 

1.2.-, 
1.25 

I.r, 
1.25 
1.25 
9.7 


1 .  75 
1.7 

1.05 
l.JM 
1.05 


1.0 
\.V\ 


I  1.6 
'  1.6 

I  1.6 
4.1 

3.5 
3.0 
2.6 
2.4 
2.3 

2.15 
2. 15 
2.1 
2.1 
2.0 

2.0 

1.9 

1.9 

1.85 

1.85 

1.8 
1.8 
1.8 
1.8 
1.75 

1. 

1.05 

,   l.<\5 

2.0 


I 


Dec. 


2.7 

2.55 

2.4 

2.4 

2.35 

2.1 
2.1 
2.0 
1.9 
1.8 

1.7 
1.6 
1.5 
1.5 
1.5 

1.45 
1.45 
1.45 
1.45 
1.4.5 

1.45 
1.45 
1.45 
1.45 
1.45 

1.45 
1.45 
1.45 
1-45 
\-^ 
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IK 
12. 
13. 
14. 

IS. 


17.. 

m., 

10.. 

ai„ 
m.. 

23.. 
24.. 

as. 


27. 

as. 


31. 


,8:; 

11.. 

n.. 

H., 

TIL. 

av.. 


as., 


at*, 
.^1. 


Daily  gage  hight,  in  fat,  of  South  River  cU  Part  Republic  ^  Va. — Continued. 


li*i|. 


tmL 


JiuiJ  Fch.  Itiir.  A  fir.  UM.y..Juat.  Jviiy. 


i.4'i  ; 

1.4S 
1.45 
1.45  I 

1-45  ' 
L45 
1.4'.  ' 
1.  4J 
1.4fi 

1.4'! 

L43 
l,4ri 
1.41 
1,41 

1,45 
1.4*! 
1,45 

1.45 


1.M5 

1,Kft 
L80 

LOS 

41 
3L2 

2.ft5 
'  2.P 
'  3,  IS 

3.  ir» 
I  3.15 

I  a.4 

3.2 


,  1.  <^ 

J  1,45 


Lii5  i  4.1 


■I  _^      _ 

^1  lS  ii 


,j  1,141 

.1  i.w  I 

.;  1-H.1  . 

.'  KKO  J. 


3,3 
3.1 
2.H 


1  H 
!.?( 

i,7r. 

1,  tbl 
I.  II 

1..V. 
1..V, 
L*Vi 

1.  .Vi 
l,,Vi 
1,hVi 

i..Vi 


Iti 

2.0 

2.5 

3.0 

2.4 

2.0 

2.4 

2.0 

|Z35 

2.0 

12.3 

2.1 

,  ^3 

2,1 

a.;* 

2.1 

1  2.2S 

1  2.1 

_  2.25 

2.1 

1  2.25 

10 

2.±% 

2.0 

2.2 

i.g 

2.3 

i.e 

'  2.4 

u& 

2.« 

KS 

|2,« 

L9 

'  2,fi 

1.S5 

Ift 

1.8& 

r" 

1.8 

2.7 

t.S 

2.  ft 

K8 

2.3 

L8 

'  2.35 

LS 

a.2fi 

1.8 

1  a  15 

U8 

2.05 

1.8 

1  2.1 

1.8 

.2.1 

1.8 

\2A  ■ 

UTS 

2.0 

1,5 

12,T 

1.5 

2.2.i 

l.ti 

L',  '2.7 

l.w 
i.Tr* 


17 


1,11 

J.ri 
Li; 

us 


I 


1,.Vi 

iMi 

10 
2.0 

2.0 


ITi 
1.5 


'  \.K>  I 

,.  1, 1*5  I 

I   t.M5 
l.Ji 

1.1* 

J.J* 
2,0 
2,0 
2.0 


H 


1 


2.3 
3.2S 

2.2 
2.2 
3.2 


2.  i:, 
2,  h\ 
2LI 
2.11 
2,1 

2.  ai 

2,11 
2, 0 
2.U 
2.7.1 

:i,ii 

2.K 

2, 7 
1.1 

2.4 


1.75 

I  R3 

,  3,3 
3lO 

3.8 

(  2.4 
2.3 

2.3    I 

2.3 
1  X2 
i  *-^    I 

r- 
'I? 

1  314 
,  2.3A 


t.as 

I  1.8 
1,7S 

I  1.75 
L9 


I  2,15 
I  2. 15 
'  3.1 
,2.1 


3.1 
2.U 


4,1 

41 

-iJ 
2.t* 
3.fi 
2.H 
3..1 

2.4 
2.4 
2.:i 
2  2 


2.(1 
2t> 
1-*,* 

1.!* 
LVi 
l,M 

LH 
l.M 


LA 

i.«a 

l.«5 
1,0 
1.&S 


L7fi 
1.7 
t.fl£ 
I. A 
).&5 

i.fi  i 

1.ft5  ' 
l.tlS  i 
1,05  1 

1.05 

u 

l,AS  I 

1.8    I 
L7 
1,«S  I 
I.A 
LA     I 

LA 
LH 
LA 
LA 
LA 


L5 

Lfi 
L£ 
L& 
L5 


L&fr  1.5 

L&5  L& 

1,65  I  1,45 

1,55  ,  1.4 

L55  L4 


'I 


LOfi 
1.65 
L5 
L6 

La 

L5 
L6 
L5 
L7 

LA 

L65 

L5 

L5 

L5 

L45 

L4 
L4 
L4 

L4 
L4 
L4 


L4 
L4 
L4 
U4 
L35 

1.35 
L35 
L3 
t.2S 
1.2 

L2 
1.3 
L2 
1.3 
1.2 

|U2 
1.3 
I  1.3 
,  ^3 
I  1.3 
1.2 


1.75 

1, 

L1J5  1  1, 

1,*1        1. 
t  i;        1 

Li^        1, 

l.rt       1. 

1.*i        1, 

1    .Vp 

L 

1,.hi 

1, 

1.5 

1, 

1^1 

1, 

],i.,t      1, 

1,1^0          1, 

1.;l.l     1, 

1.75      1, 

I.7.'i      1, 

\  7.1      1 

1  T,'i  '  1 

1.70     1, 

\  T,;    1 , 

1    Th7         1 

1,7       1, 

1.7       1 

IT       1, 

1.7       1, 
1  W.      1, 

Lit       1. 

Li>       L 

J 

I  2,1 
2.0 
2.0 
2.0 
44 

.1.0 
2,4 
3.4 

2..1 
n.4 


41  n.fi 

4  3.f. 

4  ^0 

4  3.0 

I'l  2.M 


2.ri 

,  2.4 
2,3 

'  2.3 


2-2 
2.3 


2  1 
2.0 


L7 

L*l 
Its 


L3 
1.3 
1.3 
L3 

L2 

1,3 
1.2 
L3 
L3 

l.t 
L3 
L3 
L3 
L3 

L3 
L3 
L3 
L3 
L3 

L3 
L3 
LS 
L3 
1.3 

LS 
1.3 

La 

L3 
L3 


Oct.  '■  Kor.  tkCr 


l.f- 
L5 
L5 

L5 
L5 

LS 

LS 
LS 
L5 
LS 

t.S 

LS 
LS 
LS 
1.5 

LS 
1.5 
LS 
1.5 
LS 

LS 
LS 


L3 

1.3 
1.3 
1.3 
1.3 

1.3 
L3 
L3 
L3 
L3 

L3 
L3 

L45 
L4& 
L4-S 

L4JI 

L45  I 

1.45 

L45 

L5 

LS 
LS 
LS 
L5 


L7fl 
Z§ 
2.5 
Zl 
10 

2.0 
LS 
L73 
LT 
L7 

L7 
LAS 

LA5 
LA£ 
LAS 

LAS 
LU 
L65 

Le^ 

La& 

LA 
1.55 
L6S 
L5S 


LS       LS 

LS  I  L5 
2,0  LS 
1.9  L5 
L85  ,  LS 

L7S    ...,. 


L35 

L3S 

L:i5 

1.3S 
L75 

3.0 
2.9 
2,fi 
2.3 
2,  !.-» 

2.0 
Lfti 
LU 
LS     i 
L8 

US   I 
i^rs 

L7S  I 

7.5  , 

,.XS 

I  xs 

7.6  , 


Lft.-*  45 
LrtS  4.0 
Lfi    ,3.1 


LS  3.0  '2,1 

L45  2.S  2.1 

L  4  2,  A  2.  ) 

L3S  2lS  j  2.1 

L.V,  2,.T  2.0 

2.5  

i 


LS 
LS 
L5 

LI 
U 

L5 
15 
I.S 


LS 
L» 
Li 
L4fi 

14 

2& 
1.a 
l» 
Lao 

1  Si 
L* 
l.!f 
Lb 

L$ 
Li 
LS 
1.1 
LJU 
LI 


2.3.1 
2.2 
2.15 
3-1 

2.1 

2,a> 

2,0 

2.0 

2.0 

2.0 
2,0 
2.0 
L9 
l.g 

LS 
1.9 
L85 
L*45 

2.1 
2^1 

2. 1 
Z  I 
2.  i 


1  » 
L!' 

2,5 
41" 


Zi 

2.25 


2.15 
21 
^,1 
Z\ 
2L0 

20 
10 

2.ti 


2.4' 
2.4 

2;i=i 
2;i 
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Daily  gage  height ^  in  feet,  of  Smith  River  at  Port  Republic,  Va. — Continued. 


Day. 


1899.  I 

1 2.5 

2 2.5 

3 2.4 

4 2.3 

5 2.3 

6 a4 

7 5.0 

8 !  3.8 

9 3.6 

10 3.0 

11 i  2.9 

12 2.75 

13 2.6 

14 1  2.6 

15 1  2.6 

I 

16 2.6 


fob. 

Mar.    Apr. 

1 

2.1 

4. 0       2. 5 

2.1 

3.6  , 

2.1 

a5  i 

2.1 

5.1    

2.1 

12.0    

2.1 

6.7    

2.1 

5.5    

2.2 

4.0    

2.2 

3.6    

2.3 

3.9    

2.3 

3.7    

2.3 

a6  1 

2.3 

3.4  • 

2.4 

a3   

2.5 

3.4    

2.6 

a  3   

Day. 


Jan.  I  Feb.    Mar.    Apr. 


1 

2.5 

17 

imi 

18 

19 

1 

20. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3o:::::::.:.: :...::: 

31 

2.5  I 
2.4  i 
2.2 

2.2  I 

2.2  ' 

2.2 

2,2 

2.2 

2.2 

2.2  i 

2.2 

2.2 

2.2 

2.2 

2.1 


2.6 
2.6 

2.8 

ao  , 
a5 

6.0 
5.6  ' 
4.1 

a5 

4.4 

6.5 
5.3 


a2 

2.9 

a2 
a7 

a5 
a2 

ai  I 

2.9 

2.8  ! 

2.8 
2.8  ! 
2.7 
2.7 

2.6  I 

2.6 


Rating  table  for  South  River  at  Port  Republic,  Va.,from  Augvst  5, 1895,  to  April  1, 1899. a 


height. 


j  Discharge. 


Feet. 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 


Second-feet. 
95 

106 
;  120 

I  140 

160 

180 
!  210 

260 


G 
height. 


X  I  Discharge.  I 


Feet. 
2.2 
2.4 
2.6 

2.8 

ao 
a  2 
a  4 
a  6 


Second-feet. 
j  350 

495    i 
■  645    ! 

795    ; 
945 
1.090 
1,240    I 
1,390 


Gage 
height. 

Feet. 
a  8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

1.636    ; 

5.2 

1,685 

6.4 

1.836 

6.6 

1.080 

5.8 

2.125 

6.0 

2.275 

6.5 

2,425 

7.0 

Discharge. 


Second-feet 
2,676 
2,720 
2,870 
3,015 
3,166 
3,536 
3,905 


«  This  rating  table  i.««  strictly  applicable  only  for  open-channel  conditions.    It  Is  not  well  defined. 

Estimated  monthly  discharge  of  South  River  at  Port  Republic,  Va. 
[Drainage  area,  246  square  miles.] 


Month. 


1895. 

August  6-31 

September 

October 

November 

December 

\m\. 

January 

February 

March 

April 

MCay 

June 

July 

August 

September 

October 

Noveralier 

December 

The  vear 


Discharge  in  second-feet 

--• 

Run-off. 

j 

Second-feet 

Depth 
in  inches. 

.Maximum. 

Minimum. 

Me 

an. 

per  square 
mile. 

ia5 

70 

80 

0.33 

0.32 

I               112 

«> 

94 

.38 

.43 

1                  R5 

85 

85 

.35 

.40 

i                  95 

85 

93 

.38 

.43 

290 

a*! 

136 

.55 

.63 

2,  aw 

85 

3a5 

1.'24 

1.43 

1,390 

2.% 

.517 

2.10 

2.19 

1            1,905 

19.') 

473 

1.11 

1.28 

'             1.090 

IfiO 

375 

1.52 

1.70 

94i-) 

140 

218 

.89 

1.02 

570 

120 

2.'k-) 

1.04 

1.16 

2, 27.') 

120 

322 

1.31 

1.51 

Z%) 

m 

vn 

.:i) 

.58 

0. 200 

!M) 

mi 

'l.^\ 

2.71 

2.  42.^ 

140 

;W2 

1.47 

1.69 

l.TiU) 

140 

•.Mi\ 

l.Tyi 

1.71 

720 

112 

208 

.a') 

.98 

<>.2(«i 

S."i 

344 

1.33 

17.96 

/ 
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Ettimaied  monthly  dMiorgt  of  S%mik  Rirer  at  Port  Republic,  Va, — GontiDued. 


Janiiar>' 

Februao'  •  - 

March 

April 

May 

Juno 

July 

August 

SeptemU'r. 
Octo!)er.... 
November. , 
DeccmbiT.. 


The  year. 


Januar>'.. 
Fcbruark'. 
March.;.. 

April 

May 

June 


July. 

August 

September. 

October 

November. 
December . . 


The  year. 


Januar>' . . 
Februur>'. 
March 


Month. 


1807. 


1808. 


DlMliarsBl]ise«Hid-feet.        | 

Ran-off. 

'              , 

Second-leet 

Depth 
inlDdM. 

Maximum. 

MlDlnniin. 

Iten. 

1 

persouAK 

105 

112 

1 

131  ! 

1 
.53 

.U 

3,717 

105 

1,072  1 

4.36! 

154 

720 

2S0 

4fiB 

1.87 

2.U 

290 

170 

211 

.86 

.95 

5,807 

170 

797 

3.341 

174 

210 

120 

152 

.62 

.A 

IHO 

105 

125 

.51 

.» 

120 

85 

108  > 

.43' 

.« 

05 

85 

91  1 

.37 

.41 

2S0 

95 

119 

.48. 

.U 

7i» 

120 

192 

.78 

.« 

405 

112 

166 

.67 

.11 

5,807 

86 

301 

1.23 

l«.3b 

250 

130 

175  . 

.71 

.« 

250 

120 

182  , 

.66 

.« 

350 

120 

177  , 

.72  i 

.83 

945 

2S0 

408  > 

1.66 

1.85 

2,425 

180 

661  1 

2.28 

1« 

105 

120 

153  , 

.62 

.« 

290 

105 

142 

.58  , 

.«T 

3.805 

140 

800  1 

2.W 

Z-ZS 

150 

100 

121 

.49 

.d5 

•     4,345 

100 

835 

3.39 

3.91 

570 

195 

282 

1.15  , 

l.» 

1,685 

180 

484| 

1.97  1 

2-27 

4,345 

100 

349  1 

1.42  > 

IM.42 

2.425 

290 

638 

2.59 

2.«^ 

S.oa.'i 

290 

964 

3.92 

•tilf 

7.  TOO 

570 

1.525 

6.30  , 

7.i: 

NOKTII    KIVKR    BASIN. 


COOKS  CREEK  AT  MOUITT  CRAWTORD,  VA. 

Cooks  Cr(M»k  rises  iu»ar  Harrisonburg,  in  liockingham  Countj',  Va.. 
and  flows  soiitlivvc^stward  and  southeastward  into  North  River  near 
Mount  Crawford. 

The  gaging  station  was  established  July  1,  1905,  by  N.  C.  Grover. 
in  conn(»('tion  with  the  investigation  of  stn»ani  polhition  in  the  Slien- 
andoah  Valley.  It  was  discontinued  July  16,  1906.  It  is  located  at 
th<*  upper  highway  bridge  across  Cooks  (^reek,  three-fourths  of  a  mile 
from  Mount  Crawford. 

Th(»  channel  is  straight  for  200  feet  above  and  100  feet  below  the 
station.  The  current  is  very  sluggish  at  low  water.  Both  banks  are 
low  and  liable  to  overflow  during  higli  water,  but  all  the  water  passes 
beneath  the  bridge.  The  bed  of  the  stream  is  composed  of  mud  and 
grav(»l.     The  stream  is  polluted  by  tanneries. 

I)ischarg(»  measurements  were  made  from  the  side  of  the  bridge  to 
which  the  gage  is  attached,  or  b\'  wading  a  short  distance  below,  at  a 
point  where  the  velocity  is  greater. 
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A  standard  chain  gage  is  fastened  to  the  outside  of  the  downstream 
guard  rail  of  the  bridge.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  outer  edge  of  the  ring  is  14.38  feet.  The  gage  was  read 
once  oAch  day  by  S.  H.  Craun.  Bench  mark  No.  1  is  a  naU  driven 
vertically  into  a  root  on  the  downstream  side  of  a  large  tree  150  feet 
below  the  gage,  on  the  left  bank.  Its  elevation  is  4.24  feet  above  the 
gage  datum. 

Estimates  at  this  station  are  within  10  per  cent  of  the  true  flow 
between  gage  heights  1.9  and  2.7  feet.  Above  and  below  these  stages 
the  estimates  are  liable  to  error  of  10  to  25  per  cent.  The  flow  may 
have  been  slightly  affected  by  ice  conditions  during  the  winter  of 
1905-6. 


Date. 


1905. 

JoJyl 

DeoemberaOa  ... 


Discharge  measuremenU  of  Cooks  Creek  at  Mount  Crawford,  Va 

Date. 


hS^t.     D'^harge 


Feet.     ]Seamd'feet. 
2.10  20 

2.06  I  22.6 


teSS.  iDi^cha^Ke. 


April  10. 


1906. 


Feet.     Second-feet. 
2.32  '  32.4 


a  Measurement  made  by  wading. 


Daily  gage  height,  in  feet,  of  Cooks  Creek  at  Mount  Crawford,  Va. 


nm 

.    %i 

2  I 

22 
22 
21 
21 
2t 

21 
IQ 
20 
20 

20 

20 
21 
21 
21 
20 

20 

Sept 

Oct. 

Nov. 

Lft 
l.S 
20 
l.H 
LR 

l.S 

l.S 
LS 

UR 
l.H 
K7 
L7 
1.7 

1,7 

Dftr. 

July. 

23 
23 
22 
24 

21 
22 
24 

23 
22 

12 
22 
2^ 
20 
11 
24 

Aug, 

LS 
10 
L« 
2D 

20 
Lil 
l.fl 

1.R 
hB 

21 
2(1 
20 
20 
I.P 
1.9 

l.S 
1,« 

UK 
L» 
L8 
LH 
1.7 

1.7 
1.7 

Oct, 

\ 

L7 
1,7 

L8  .. 
L7 

1.7 
L7 

1,7 
1-7  ; 

1,8 

20 
LH 

m 

L8  ' 

L7 

L7 

L7 
L7 
l.g 

i.e 

1.8 
L8 
l.S 
l.S 
L8 

i.e 

LR 
1.8 
1.8 
1.8 

Deo. 

19Ck 

1 

LB 
19 
l.S 
LB 

ts 

1.7 
L« 

LA 

ts 

l.fl 
US 

LS 
Lft 
l.R 

i.a 

1.S 
1.7 
i.T 
1.7 
L7 

tx 
t.r 

LT 
L7 
L7 

L7 

tl 

h7 

L7 
1.7 
L7 

» 

1.7 
l.K 
LK 
L7 
K7 

1.7 

IQOfi. 
17...., 

L7 

n 

lA.    . 

L7 
L7 

3,.... 

..,„,^    20 

10 [!!!" 

4 , 

20. ,..„„„ 

L7 

~t 

1    &.& 

2U._ 

22 .., 

23.,-. 

G,..,. 

„,„J    29 

10 

26 
24 

*..^.^ 

24 

24 , 

23 

} 

t^ 

_     22 

......     21 

1    25 

Zh.^.^. 

27 .. 

as 

2tt ,. 

20 
20 

L,,** 

1    il 

20 

( .     23 

23 

1.. ...... ..J    2,2 

«> 

1  31 

21 

1. .....,.,..    as 

1      ^^ 

1 „.     Z4 
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Daily  gage  height ,  inffet,  of  Cooks  Creek  at  Mount  Crawford,  Va. — GontiDucd 


Day. 


I  Jan.    Feb.   Mar.    Apr.  j May.  June.  July.    4ug. '  Sept.  Oct.    Nov.  Hk. 


190(^ 
1 

2.05. 

2.05 
2.05  1 
3.0 
2.5    ' 

2.3 
2.3 
2.2    , 
2.2 
2.1 

■ 
2.1 
2.1 
2.1 

11 
11  1 

zi  1 

2.1  • 
2.3 
2.3 

2.2  • 

2.1 

2.1 

2.2    , 

2.2 

2.1 

2.1 

2.0 
2.0 
1.8 
2.0 
2.0 

2.1 
2.0 
2.0 
2.0 
2.0 

2.1 
2.0 
2.0 
2.0 
2.0 

1.9 
•2.0 
2.0 
1.9 
1.9 

2.0 
2.0 
2.0 
1.8 
2.0 

2.0 
2.0 
2.0 

2.0 

2 

2.0 

3 

2.0 

4 

2.4 

5 

2.2 

6 

2.1 

7 

2.1 

8 

2.1 

9 

2  1 

10 

2.1 

11  

2.1 

12 

2,1 

13    

2.a5 

14 

2.4 

ir> 

2.0 

l« 

2.5 

17 

ZA 

18 

^.j( 

19 

%i 

20 

313 

21 

2.'^ 

22                

zs 

23 

3,3 

24 

1,S 

25 

7Tt 

26 

2.3 

27 

?tl 

28 

2.5 

29 

2.5 

31) 

2.4 

31 

2.5 

2.£ 
2.4 
2.5 
2.$ 
2.2 

2.3 
2.2 
2.2 
2.3 
2.3 

2.3 
2.2 

2.2 
2.2 
2.5 

2.4 

%2 

2,2 
%2 
2,2 

1L\ 
Hi 

2,2 
12 

2.1 


2.1 
2.1 
2.1 
2.1  ' 
2.1  . 

2. 

2.2 

3.3 

2:1 
£ 

2.1 

2.0 
2 
% 
2.0 

2.0 
2.0 
20 
Z-0 
%0 

1.6 
L9 
LQ 
20 
2.0 

2  0 
2.0 
2.0 
2,0 
10 
2.0 


2.0 
20 

21 
2  I 
±  I 
■2  1 

" 

20 
141 
2d 
20 
2.0 

1!' 

20 
10 
20 

1 

20 
20 
20 

■;•; ! ;;• 

i ! 

Li 

a 

::::::'::::;:!;::::::::::::::: 

1.8 

1 

1 

■ 1 ' 

20 

... ... 

20 

':::,:::::    

20 

..,,.. 

1 

25 

21 

1 r 

22 

21 

• i 1 \v\:\:..... 

20 

■ ! i ' 

2.0 

.  1 .          j      ■ 

21 

■   I   ' 

:iO 

1 1 ."■ 

20 

' i 

22 

21 

J 

'  "'   1 

f  table  fi 

tr  Coiiks  Creek  at  Mount  Crairfm 
Dl.si-har^.      jj^j^^j      Discharp.. 

r/.  Va., 

(Jagf 
hoight. 

from  July  1 

1905.  to  July  Li. m' 

height. 

1. 
Discharge.  !| 

Gase 
height. 

,  Discharge. 

Fcrt. 

Srcomi-fret. 

Fert. 

Stcond-fret. 

Pert. 

Stcond-fret.^l 

Ft(t. 

Second-ffft. 

1.70 

10 

2.70 

.VJ 

3.70 

126  .; 

4.70 

235 

I.s») 

1               13    . 

2.80 

'»» 

3.  SO 

135    ," 

4.80 

34ii 

l.W 

1               16 

2.90 

t>l 

3. 90 

144    ,1 

4.90 

261   , 

2.00 

1               19    , 

3.00 

71 

1.00 

154 

5.00 

i             274   ■ 

2. 10 

1               2A 

3.10 

7X 

1.10 

164      , 

5. 10 

!             28S 

2.  JO 

1               27 

3.20 

K.-I 

4.20 

175     ' 

5.20 

:«2 

'2.:«) 

31 

3.:i0 

92 

4..U) 

186    ,' 

5.30 

316 

2.40 

m 

3.  10 

100 

4.  40 

198     1 

5.40 

.•«1    , 

2.  .'iO 

41 

3.  .-.0 

UW 

4.  rJi) 

210    ,; 

5.50 

:m  ' 

2.W 

4n 

3.fi0 

117 

AM) 

222 

a  This  table  is  strictly  applioihle  only  for  u|»»'n-ohann«'l  coinlitions, 

measun^nients  matli'  during  190.'V-<i.     It'is  not  w«'ll  il«'fin«'«l      

roughly  approximate. 


It  is  baswl  on  two  di.vharp; 
Kstiinates  l^jiwed  on  this  tal»le  .in'  <^"'> 


STBEAM  FLOW:  LEWIS  CBEEK. 
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Estimated  vionthhj  discharge  of  Cooks  Creek  at  Mount  Crawford,  Va. 
[Drainago  area,  41  square  miles.] 


Month. 


1905. 


190C. 


Discharge  in  second-feet. 

Run-oflf. 

Maximum.)  Minimum.  |    Mean. 

Second-feet 

Depth  in 
inches. 

346 

19 

43.8 

1.07 

1.23 

27 

13 

19.7 

.480 

.553 

16 

10 

12,7 

.310 

.346 

19 

10 

11.4 

.278 

.320 

13  '                 10  1          11.4 

.278 

.310 

64  1               10           la? 

.Vi& 

.526 

71                    21             27.5 

.671 

.774 

23  ,                 13             18.5 

.451 

.470 

46                    19 

30.6 

.746 

.860 

41 

23 

2a7 

.700 

.781 

27 

16 

20.6 

.502 

.579 

71 

13 

21.0 

.512 

.571 

71 

19 

23.8 

.580 

.324 

LEWIS  OKESK  KEAK  STAXTNTOK,  VA. 

is  Creek  rises  in  the  central  part  of  Augusta  County,  Va.,  about 
J  southwest  of  Staunton,  and  flows  northeastward  into  Middle 

gaging  station  was  established  June  30,  1905,  by  N.  C.  Grover, 
lection  with  the  investigation  of  stream  pollution  in  the  Shenan- 
'alley.  It  \vas  discontinued  July  16,  1906.  It  is  located  at  the 
5  bridge  across  Lewis  Creek,  on  the  property  of  William  Glenn, 
;  from  Staunton. 

chanel  is  straight  for  300  feet  above  and  below  the  station, 
rrent  is  sluggish.  Both  banks  are  about  5  feet  high  and  do  not 
w,  except  during  very  high  water.  The  bed  of  the  stream  is 
sed  of  soft  mud.  There  is  but  one  channel  at  all  stages.  The 
is  composed  almost  wholly  of  sewage  from  the  city  of  Staunton, 
srery  shallow  at  ordinary  stages. 

harge  measurements  were  made  from  the  downstream  side  of 
dge,  the  initial  point  for  soundings  being  the  gatepost  near  the 
1  of  the  bridge. 

Ttical  staff  gage,  graduated  to  feet  and  tenths,  is  fastened  to  a 
eet  downstream  from  the  bridge.  The  gage  was  read  once  each 
^\shby  Glenn.  Bench  mark  No.  1  is  a  nail  in  the  locust  tree  to 
the  gage  is  attached,  1  foot  above  the  ground,  (m  the  upstream 
Its  elevation  is  7.56  feet  above  the  zero  of  the  gage, 
r  to  about  May  27,  lOOG,  the  estimates  for  this  station  are 
te  within  5  to  10  per  cent  for  gage  heights  0.45  to  0.9  foot, 
and  below  these  stages  the  error  maybe  as  high  as  15  per  cent. 
it'CS  after  al)()Ut  May  27,  lOOCi,  may  l)e  iu  error  15  to  20  per  cent. 
>w  was  probal)ly  not  alfected  by  ice  conditiims  during  1905-6, 
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Discharge  ineasurenierUs  of  Lewis  Creek  near  SUmnUm,  Va. 


Dat«. 


1905. 

Juno  30 

December  29 


I     Feet.     \Second-feet. 

0.51  I  3.8 

J  .63  1  6,2 


April  10. 
June  14.. 


1906. 


Feet.     \Seco*d-fttt. 

ass  115 

.55  '  6.6 


Daily  gage  height,  in  feet ,  of  Lewis  Creek  near  Staunton,  Va. 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 


1905. 


July.; Aug.  I  S«'pt.'  Oct.  I  Nov. 


Dpc,  ,1   Day. 


0.ft5 

0.45 

0.5    1 

0.4 

.88 

.55  , 

•'*    1 

.4 

.7 

.45 

.45' 

.65 

.tW) 

.45 

.4 

.4 

.5 

.0 

.45  1 

.4 

.5 

.5 

.45  ' 

.35 

.7 

.5 

.45  1 

.4 

.6 

.45 

.45 

.4 

.55 

.5 

.45 

.6 

.5 

.45 

.45 

.5 

.5 

.35 

.45 

1.0 

1.1 

.45 

.45 

.8 

.  i 

.45 

.5 

.7 

.5 

.45 

.6 

.5 

.55 

.5 

.6 

.4 

;  0.4 


.55 1  .5 


.5 


- 

r\ 

A 

.5 

Q 

.5 

((^ 

.45 

A 

.5 

4 

.b    1 

-* 

*    1 

55 

5 

(1 

.45 

ti 

Ti 

5 

.as 

1905. 

17 

18 

19 

20 


|july. 

Aug 

Sept. 

Oct. 

Nov. 

IVc. 

1 
■  0.5 

n.4fi 

015 

as 

a  45 

as 

.6 

6 

.*5 

.45 

.75 

.5 

.56 

.5 

.45 

.45 

.45 

.5 

.4 

-45 

.45 

.6 

.4 

.45 

.5 

.U 

.45 

.6 

.45 

.4 

,  1.05 

.45 

.5 

.5 

.55 

.45 

!    .6 

.56 

.45 

.6 

.35 

.45 

1    .& 

.45 

.45 

.7 

.35 

.5 

i    -^ 

.£ 

.4£ 

.65 

.5 

.5 

;   .a 

.4 

.6 

.5 

.5 

i   .*j 

,4 

.6 

.5 

.45 

1   .45 

.4 

.6 

.45 

.65 

;  .5 

.4 

.4 

.4 

.S5 

.u 

.4 

.45 

.4 

.5 

1  .5 

.5 

- 

.4 

Dav. 


1    '    '    '       !    ' 

Jan.  Feb.  Mar.  Apr. ;  May.  June.'  July.,  Aug. 


Sept.'  Oct.  Nov.  Dw. 


1906.  ' 

1 " 0.  r>4  '  0.  49  0.  74 

2 4;i  I  ..''>:<  .70 

3 '  .M  .(K)  .71 

4 1.43  '  .5:^  .'vJ 

5 94  I  .54  .n4 


.(V4  ■ 
..'►3  ' 

.4,i  , 


U. 
12. 
13 
14. 
If). 


.  'A) 

.48  I 


17. 
IS 
1«.» 
2(> 


'2:\ 

24. 


.44 

.4K 

.74 
.74  I 


.49 
.'ui 

.44  I 

.4S  , 
.44 

..'>;< 
.49  I 
.r,9 
.:>4  ; 

I 

.  is 

.:)4 
.r»;t  , 

.49 

.43 

I 
.49  , 

.Xi 

.:)4  ' 
.43  I 

.54  , 


0.74 
.70 
.f>4 
.49 

.:>4 


0.  48  0.  ,^4  0. 64 
.:»;<  ,  .5.3   ..53 


.fiO 

.49 

..'i3 


..'>4  I 
.53  I 
.49  I 


...,. 


.:a 

■^' 

..'^3  ' 

I 
.M  I 

:?^| 

.04  j 

.84  I 

.Ki   I 
.84  , 


.74  1 
.70  , 
.«i4 

.ThI 


.48 
.44  ' 

!'44 
.83  , 

.84 
.73 
.79 
.  «.3 
.74 

.(\:\   I 
.74  , 

.49  I 


.54 

.:)4 
.4,3 
.49 

.48 
.49 
.43 
.44 

.48 

.49 

.;« 

.34 
.48 
.44 


I 


I 


.48 
.M 

.ri.3 

.49 
.Xi 

.44 

.X\ 

.:>4 
.  :>.3 
.49 

.49 
.43 
.49 


.53  I 
.tA 

..W 
.  .'>4  1 

.48| 

.44' 
.48  I 

.n:i  , 

.M 
.43  ' 


.49 

.(>4  1 
.1)3 


.43 
.49  , 

.;« 

.34  I 


.49 
.43 
.44 
.«« 

.94 


28. 
29. 
.30. 
31. 


.48 
.M 

.r.4 

.48 
.44 


M  I  ..w   .:>4 


.49  I  .'A   1 
.43  '  1.13  , 

'  .84 

,  . 93  ' 

,  1.24  1 


.94   1.8.3 


..'>9  ,  1.18  '  .94 
.49  l.n4  .73 
.ft.3  1.13  I  .M 
.«i4  .64  I  .r>;i 
:;8  
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Rating  tables  for  Lewis  Creek  near  Staunton,  Va. 
JULY  1,  1905,  TO  MAY  27,  1906.« 


'.      Ga» 
height. 

Discharge. 

a. 

Feet. 

1 
Diachaige. 

Secofid-Jeet. 

Gage 
height. 

Di8chai]0e.  j 
8ec(md-fea.\ 

Gage 
height. 

Dischaige. 

Feet. 

Seoond^feet. 

Feet. 

Feet. 

Second-feet. 

0.30 

1.0 

065 

1.00 

18  9    t 

1.35 

30.0 

•oS 

1.4 

.70 

&2 

1.05 

21.0    1 

1.40 

42.5 

.40 

1.9 

.75 

9.7 

1.10 

23.5 

1.45 

46.5 

.45 

2.6 

.80 

11.3 

1.15 

26.0    1 

1.50 

50.5 

1          .50 

3.4 

.85 

13.0 

1.20 

29.0    1 

1.55 

54.5 

.55 

4.4 

.90 

14.9 

L25 

32.0    1 

1.60 

50.0 

.60 

5.5 

.95 

16.8    1 

\ 

1.30 

35.5 

1.65 

63.5 

MAY  28,  1906,  TO  JULY  15,  1906.6 


0.25 

1.3 

0.60 

.30 

1.8    1 

.65 

.35 

2.5 

.70 

.40 

3.3 

.75 

.45 

4.2    ! 

.80 

.50 

5.3 

.85 

.55 

a5  1 

.90 

7.9 
9.4 
11.0 
12.7 
14.5 
16.3 
18  3 


0.95 
1.00 
1.10 
1.20 
1.30 
1.40 


a  This  table  is  strictly  applicable  only  for  open-channel  conditions.    It  is  based  on  three  dischaige 
oeasurements  made  during  1905.    It  is  fairly  well  defined  between  gage  heights  0.5  and  0.^  foot. 
» Tills  table  is  based  on  one  dischaiKe  measurement  made  during  1906  and  on  the  form  of  the  preoed- 

Qg  curve. 

Estimated  monthly  discharge  of  Lewis  Creek  near  Staunton,  Va. 
[Drainage  area,  20  square  miles.] 


Discharge  in  second 

-'eet. 

Run-oil. 

Month. 

1        ■ 
Maximum. '  Minimum. 

1 

Mean. 

^r'^J^^-i^*!  Depth  in 

1905. 
Uv 

24 
5.5 
5.5 

19 
9.7 
6.8 

45 
5.5 
31 
13 
66 
92 

1.9 
1.4 
1.9 
1.4 
1.4 
1.9 

2.3 
2.3 
4.0 
2.3 

1.2 

5.98 
3.15 
2.76 
4.58 
3.46 
3.34 

6.58 
3.61 
9.70 
6.06 
7.41 
12.3 
6.17 

0.299 
.158 
.138 
.229 
.173 
.167 

.329 

0.345 

ugust 

.182 

•ptember : 

.154 

cnober 

.264 

ovember 

.193 

e<!ember 

.192 

1906. 
inuary 

.170 

ebruary 

.180                i«7 

arth 

pril 

.485 
.303 
.370 
.615 
.308 

.559 
.338 

ay..              

.427 

ine 

.686 

Uyi-15         

9.1  1               .^8 

172 

VORTE  RIVER  AT  PORT  REPUBLIC.   VA. 

North  River  rises  in  the  Shenandoah  Mountains  in  the  northwestern 
irt  of  Augusta  County,  Va.,  and  flows  in  a  general  easterly  and  south- 
sterly  direction  to  Port  Republic,  Rockingham  County,  Va.,  where 
Unites  with  South  River  to  form  South  Fork  of  the  Shenandoah. 
3  drainage  area  is  805  square  miles.  It  is  fed  by  numerous  springs 
d  is  utilized  to  a  considerable  extent  by  mills  of  various  kinds. 
An  important  tributary  is  Middle  River,  which  has  been  considered 
^  some  authorities  as  the  main  stream,  North  River  being  regarded 


104 


THE  POTOMAC   BIVEB  BAfilN. 


as  the  tributary.  Middle  River  rises  on  Little  North  Mountain,  in  the 
southern  part  of  Augusta  County,  and  flows  in  a  general  northeasterlj 
direction,  uniting  with  North  River  4  miles  above  Port  Republic.  Its 
drainage  area  is  365  square  miles.  It  is  fed  by  numerous  springs  and 
is  utilized  to  a  considerable  extent  by  mills  of  various  kinds. 

The  gaging  station  at  Port  Republic  was  established  August  6, 1895. 
and  w^as  discontinued  April  1,  1899.  It  was  located  at  the  highway 
bridge,  about  500  feet  above  the  junction  of  North  River  with  South 
River.  Measurements  were  made  from  the  downstream  side  of  the 
bridge.  The  banks  are  high  and  not  subject  to  overflow.  The  bed 
is  very  rough,  but  permanent.  The  current  is  broken  and  uneven 
at  low  stages.  A  dam  about  200  feet  above  the  bridge  controls  the 
flow  at  low  stages. 

Estimates  previously  published  for  North  River  at  Port  Republic 
have  not  been  revised.  They  are  probably  within  15  per  cent  of 
the  true  flow.  Ice  conditions  probably  do  not  affect  the  flow  at  this 
station. 

Discharge  mio&urenxenis  of  North  River  at  Port  Republic,  Va. 


Dato. 

Oage 
height. 

Ffft. 
2.18 
2.00 

2.20 
2.48 
2.46 

3..->4 

,  Discharge. !                    Date. 

1    Feet. 

.....        2.60 

Diarhaige. 

18B5. 
AiigtiHt  6 

Second-feet.\                     1807. 

'             375     April  10 

3econd-f*et. 

712 

AllgilRt  29a 

258  ,   Junel 

Julv  24 

...J         2.60 
1         2.30 

SS2 

431 

Juno  5 

.   Noveml)er7 

427 

428                          1H90. 

33,')      Man^h  11 

....'         2.00 
4.80 

245 

July  31 

Julv  31  ft 

3.423 

I897. 
March  23 

\AW 

a  Result  obtained  by  (le<luctinp  the  dlseharce  of  South  River.  87  second-feet,  from  total  di^charpp  of 
South  Fork  of  Shenaiicloah  River.  34.'>  second-feet,  measured  Inflow  the  junction. 

f>  Result  obtaine<l  as  on  August  29. 18*»5,  by  deducting  l.V»  se<rond-feet,  discharge  of  South  River,  from 
474  second-feot,  discharge  of  South  Fork. 

Daily  gage  height,  in  fret,  of  Xorth  River  at  Port  Repubtic,  Va. 


l>ay. 


isn.>. 


8.... 
(»  .  . 

10.... 

11... 

12... 
13. . . . 
14... 
l.").... 


Aug. ;  S4^pt.  Oct.    Nov. ,  1><'C. 


Pay. 


2.2 
2.2 
2. 15 
2.15 
2. 15 

2.15 
2.08 
2.  OK 
2.08 
2.08 

2.07 


2.(W 

2.a3 

2.0 

2.0 

2.0 

2.0 

2.0  ; 

2.0  ' 
4.3  I 
2.2  • 

2..     i 

2.1  ' 
2.0    , 
2.0 
2.0 


9    '  1. 


1 

1.0 

1.9 

1.9 

1.9 

1.9 
1.9 

1.85 
1.8.5  I 

l.S.'i  ' 
1.S5 
1.85 
1.85  , 
1.85 


'  l.S.> 

l.Ki  ' 

'  1.8"»  , 
1  1.85  , 
,1.^5' 


1.85 
1.9 
1.9 
1.8")  ' 
l.S 

1.S5  ' 

l.W 

1.85 


1.85  1  1.9 
1.S5  1  1.8 


1.9 
1.9 
1.9 
1.9 
2  0 


1.8 
l.H 
1.8 
1.8 
1.8 


2.0    ■  1.75  "2.0       18 


Aug:. .  Sept. 


1S95. 
17.                  ... 

18 

19 

20 

21 

22. 

23 

24 

25 

2(1 

27 

28 

29 

30 

31 

!.or 

!.07 

!  or 
!,n7 

« a-i 

!.2     I 
M.l  , 
!.0^l 
!,U5  ' 

I 


J. ft 

1,9 

!-!> 

1  g 
\.^ 

1,9 


Oct. 


1,75 
1.75 
1,75 
l.fS 

1.7S 

1,7S 
1,7ft 
K75 
l.T^S 

in 

t7S 
\.7A 
t,75 
1.75 
L75 


Nov,  J  I>*, 


2.0    , 
2,0 
2.0 
1^9    , 

l.NI  i 


1,85 
1.8& 


1> 
1  * 
1> 
kA 

1  ft 

2  1 
1.9 
l.% 
l.S 

l,R 

M> 

2.4 

2  45 

2.4 

X5 


STREAM  FLOW:   NORTH  RIVER. 
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^y  gag^  height  ^  in  feet,  of  North  River  at  Port  Republic,  Va. — Continued. 


Jan.      Feb. 


I  I  I  I  ' 

Mar.     Apr.     May.    June.  I  July. ,  Aug. 


3.0 
2.7 
2.5 
2.4 
2.4 

2.4 
2.4 
2.3 


2.5 
2.5 
2.8 
3.8 
3.8 

5.0 
5.7 
4.5 


Sept. '  Oct.  I  Nov.  '  Dec. 

I ■: 


2.3 
2.3 

4.1 
3.7 

2.3 

3.5 

2.3 

3.3 

2.3 

3.3 

2.2 

5.2 

2.2 

4.7 

2.1 

3.8 

2.1 

3.6 

2.0 

3.1 

2.0 

3.0 

2.0 

2.7 

2.0 

2.7 

2.0 

2.7 

2.1 

2.7 

rt.l5 

2.7 

5.3 

2.7 

4.0 

2.6 

3.3 

2.6 

3.0 

2.6 

2.8 

2.6 

2.6 

2.5 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.3 

2.55 

2.3 

7.0 

2.3 

5.5 

2.3 

4.8 

2.3 

4.3 

2.3 

4.0 

2.3 

3.9 

2.3 

5.45 

2.2 

4.7 

2.25 

5.0 

2.2.5 

5.3 

2.25 

.5.2 

2.2.5 

4.6 

2.2.5 

4.5 

2.25 

4.3 

2.2.5 

4.2 

2. 25 

4.8 

2.25 

9.85 

2.25 

6.7 

2.25 

5.4 

2.25 

4.5 

2.25 

4.4 

2.25 

3.8 

2.25 

2.25 

2.35 

2.6 

5.4 

2.32 

2.42  ] 

2.8 

2.43 

2.0 

7.6 

2.35 

4.4 

2.6 

5.0 

2.52 

2.32  ' 

2.7 

2.43 

1.95 

4.5 

2.35 

3.6 

2.6. 

4.6 

2.52 

2.32  1 

2.7 

2.55 

1.9 

4.0 

2.35 

3.3 

2.6 

4.2 

3.32 

2.22 

2.6 

2.45 

1.9 

3.5 

2.35 

3.3 

2.6 

4.0 

3.32 

2.2    1 

2.6 

2.4 

1.9 

3.3 

4.7 

3.25 

2.5 

3.6 

3.32 

2.2    , 

2.8 

2.4 

1.85 

3.2 

6.0 

3.1 

2.5 

3.5 

3.12 

4.5    ! 

2.8 

2.3 

1.85 

3.1 

4.3 

3.05 

2.5 

3.5 

2.92 

.3.0    , 

2.8 

2.3 

1.8 

3.0 

3.6 

2.9 

2.5 

3.4 

2.72 

2.6    1 

7.5 

2.3 

1.8 

2.9 

3.3 

2.8 

2.5 

3.3 

2.72 

2.5    1 

5.3 

2.25 

1.75 

2.8 

3.3 

2.7 

2.4 

3.3 

2.?2 

2.3    i 

3.9 

2.2 

1.7 

2.65 

3.2 

2.65 

2.4 

3.2 

2.62 

2.3    ' 

3.6 

2.2 

1.7 

2  55 

3.0 

2.6 

2.4 

3.2 

2.52 

2.2 

3.3 

2.2 

1.7 

2.5 

2.8 

2.65 

2.4 

3.0 

5.82 

2.2    j 

3.0 

3.6 

1.7 

2.5 

2.8 

2.66 

2.6 

3.0 

3.82 

2.2    ' 

3.3 

2.7 

2.0 

2.5 

2.7 

2.6 

2.6 

3.22 

2.2    1 

3.0 

2.7 

1.9 

2.5 

2.7 

2.5 

2.8 

3.02 

2.5 

3.1 

3.0 

1.8 

2.5 

2.65 

2.45 

3.2 

2.82 

2.4    1 

2.7 

2.4 

1.8 

2.45 

2.65 

2.45 

4.8 

2.62 

2.4    1 

2.7 

2.3 

1.8 

2.45 

2.6 

2.45 

7.2 

2.62 

3.3 

2.7 

2.25 

1.7 

2.4 

2.6 

2.46 

.5.0 

2.62 

3.0 

2.6 

2.25 

1.7 

2.4 

2.55 

2.46 

4.8 

::::::: 

2.62 

2.9    1 

2.5 

2.25 

1.7 

2.35 

2.5 

2.46 

4.0 

2.62 

2.5 

2.5 

2.2 

1.7 

2.35 

2.5 

2.45 

3.8 

2.52 

2.4    1 

2.5 

2.2 

1.65 

2.35 

2.45 

2.45 

3.5 

2.52 

2.4     1 

3.0 

2.4 

1.65 

2.36 

2.4 

2.4 

3.5 

2.  .52 

3.2 

2.7 

2.2 

1.65 

2.  .35 

2.4 

2.4 

3.5 

2  .52 

3.0 

2.7 

2.2 

1.66 



2.35 

2.4 

3.5 

2.22 

2.42 

3.0 

2.6 

2.15 

1.65 

2.35 

2.35 

2.4 

4.4 

2.22 

2.42 

2.9 

2.6 

2.15 

7.2 

2.36 

3.0 

2.4 

6.5 

2.22 

2.42 

2.9    1 

2.5 

2.1 

18.0 

2.35 

5.5 

2.4 

5.9 

^ 

2.42 

1 

2.45 

2.1 

2.35 



2.36 

3.6 

2.7 

2.4 

2.6 

2.35 

2.15 

2.0 

1.8 

2.2 

1.85 

3.5 

2.7 

11.5 

2.  .55  1 

2.46 

2.15 

2.0 

1.8 

2.0 

1.85 

3.4 

2.6 

7.3 

2.5    1 

2.45 

2.15 

2.0 

1.8 

2.6 

1.85 

3.4 

2.6 

5.15 

2.5    1 

2.4 

2.15 

2.0 

1.8 

2.0 

1.85 

3.;i5 

2.6 

4.3 

3.0 

2.35 

2.15 

1.95 

1.8 

2.0 

2.0 

3.3 

2.9 

3.8 

2.85  1 

2.25 

2. 15 

1.95 

1.8 

2.0 

2.0 

3.3 

2.9 

3.5 

2.6 

2.2 

2.1 

1.9 

1.8 

2.0 

1.95 

3.3 

2.9 

3.3 

2.  .5,5  1 

2.4 

2.1 

1.9 

1.8 

1.95 

1.95 

3.25 

2.9 

3.1 

2.5 

2.3 

2.1 

1.9 

1.8 

1.9 

1.9 

3.25 

3.0 

3.0 

2.5    , 

2.2 

2.1 

1.85 

1.8 

1.9 

1.86 

3.25 

3.0 

3.0 

2.45 

2.15 

2.05 

1.85 

1.8 

1.9 

1.86 

3.2.5 

3.0 

3.0 

2.4 

2.5 

2.05 

1.85 

1.8 

1.85 

1.86 

3.2 

2.9 

4.9 

2.4 

2.4 

2.05 

1.85 

2.0 

1.85 

1.86 

3.3 

2.9 

7.5 

2.4 

2.4 

2.a5 

1.85 

2.0 

1.8 

1.86 

3.5 

2.9 

5.2 

2.4 

2.3 

2.0 

1.85 

2.0 

1.8 

2.65 

3.5 

2.9 

4.4 

2.4    1 

2.2 

2.0 

1.85 

1.95 

1.9 

2.45 

3.7 

2.9 

4.0 

2.4 

2.2 

2.0 

1.85 

1.95 

1.9 

2.25 

3.7 

2.8 

3.6 

2.4 

2.15 

2.0 

1.85 

1.95 

1.9 

2.1 

3.7 

2.65 

3.45 

2.4 

.3.5 

2.0 

1.8 

1.9.5 

1.9 

2.25 

3.7 

2.6 

3.25 

2.5 

.3.5 

2.0 

1.8 

1.95 

1.9 

2.2.5 

3.9 

2.  .V) 

.3. 1.5 

2.  4.5 

2. 5 

1.8 

2.0 

i.a5 

2.2.5 

3.6 

2.5 

3.1 

2.4 

2.4 

"io" 

1.8 

2.0 

i.a5 

2.2.5 

3.3,5 

2.5 

.3.0 

2.4 

2.35 

2.0 

1.8 

2.0 

1.85 

2.25 

3.4 

2.5 

2. 95 

2.4 

2.35 

2.0 

1.8 

2.0 

1.85 

2.25 

3.3 

2.5 

2.9 

2.4 

2.3 

2.0 

1.8 

2.0 

1.85 

2.25 

3.2 

2.5    1 

2. 8,5 

2.4 

2.25 

2.0 

1.8 

2.0 

1.85 

2.25 

3.1 

2.45 

2.8 

2.35 

2.2 

2.0 

1.8 

2.0 

1.85 

2.25 

3.0 

2.4.5 

2. 75 

2.35 

2.15 

2.0 

1.8 

2.1 

1.85 

2.25 

2.9 

2.  4.5  1 

2.7 

2.35  1 

2.15 

2.0 

1.8 

2.05 

1.85 

2.25 

2.8 

2.4    ' 

2. 65 

2.35  ' 

2.15 

2.0 

1.8 

1.95 

1.85 

2.2 

2.7 

1 

2.6 

, 

2. 15 

2.0 

1.95 

2.15 
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Daily  gage  height ,  in  feet,  of  North  River  at  Port  Republic ^  Va. — Oontinued. 


1. 

2. 
3. 
4. 
6. 

«.. 
7. 
8. 
9. 
10. 

U. 
12.. 
13. 
14.. 
15.. 

16.. 
17.. 
18.. 
19.. 
3().. 


22.. 
23. 
24.. 
25. 

211.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Day. 


1808. 


Jan.     Feb.     Mar.  .  Apr.  .  May.    June.  ■  July.    Aug.  ■  Sept.  j  Oct.     Not.    Dk. 


2.15 

2.15 

2.15 

2.1 

2,1 

2.1 

2.05 

2.05 

2.0 

2.6 

2.55 

2.5 

2.45 

2.45 

2.45 

2  46' 

2.45 

2.45 

2.55 

2.55. 


2.7 
2.7 
2.7 
2.7 
2.7 

2.65 

2.65 

2.6 

2.5 

2.4 

2.3 

2.2 

2.2 

2.15 

2.15 

2.1 

2.1 

2.1    I    2.8 

2.1         2.95 

2.1     ,    2.86  I 


2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.25 


I  ■  ■  i 

3.85  <  2.65  ,  2.35  2.2  I  4.25 

3.5    I  2.6    '  2.3    I  2.3  I  4.25 

3.3  2.5    -  2.15  ;  2.3  '  4.0 

3.16  2.46  <  2.16  2.3  1  4.5 

3.0  2.4  2.16  I  2.3  &0 


2.9 
2.9 
2.8 
2.6 
2.75 

2.75 
2.75 
2.75 
2.75 
4.16 

5.2    . 

4.5 

4.0 

:L5 

3.2 


2. 55      2. 1 


2.55 
2.7 
2.8 
2.8 

2.8 
2.8 
2.7 
2.7 
2.7 
2.7 


2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 


2,75      3.0 


2.75 
2.75 
2.75 
2.85 

2.9 

ao 

3.0 
3.0 
3.3 
4.2 


2.9  , 
2.75  ' 
2.75  ' 
2.75  I 


2.76  I 
2. 75 
2.7    I 
2.65  I 
2.651 


3.0 
6.4 
7.26      2.1 

6.3  2.1 
6.0 

4.0 
3.6 
3.3 

a2 
ao 

2,8 
2.8 
2.7 
2.6 
2.6 

2.6 
a  35 

as 
a  2 
ao  • 

2.0 
2.75 
2.66 
2.65  , 
2.5    ' 

2.4  • 


Jan. 


Feb.   '   Mar. 


1800. 

1 2. 

2 2. 

'^ :  2.7    I 

4 2.tV'»  ; 

:> '  2.tv-> 

»i 5.4 

7 '  ♦i.7 

K .'>.0 

1» 4.0 

i(> an 

11 a  4 

12 a  2 

13 ao 

14 2.0 

l.'i  2.  S 

Hi 2.H 


2.3 

7.1 

2.3 

n.  a 

•2.3 

.xO 

2.3 

7.4 

2.3 

14  0 

•2.3 

S.0 

2.3 

7.5 

2.4 

.'i.S 

2.4 

A.  9. 

2..=i 

5.3 

2..-) 

4.K 

2  o 

4.6  1 

o   r, 

4.0 

2.': 

as 

•2.S 

4.5  1 

ao  ■ 

4.2 

Apr. 


ao 


2.0    j  2.1 

2.6    ,  2.1 

2.5  2.0 

2.36  ■  2.0 

2.2  2.1 


4.2 

a4 
ao 
ao 
ao 


ao       2.3 


2.9 
2.K 
2.66 
2.6 

2.6 
2.6 
2.4 
2.4 
2.4 


2.3 
2.3    ' 

ao 

2.8    , 

2.7    ■ 
a6    . 
4.76  , 
6.0 
5.0 
4.6 


1«. 
10. 
20. 
21. 


23. 
24. 


2«. 
2*». 

:«) 

31. 


2.6 
2.5 
2.5 
2.5 
2.6 


2.4 
2.4 
2.4 
2.4 

ao 


ao 

IS 
2.65 
2.6 

2.e 


2.1    ,    2.3  6.0 

2.1        2.3    I  6.0 

2.3    ;  4.6 

2.2  4.0 

2.0        2.15  0.0 


2.5  , 
2.5 

2.5  , 

2.5  1 

2.6  I 


2.9  I  le  I  i« 
2.8  2.5  I  U 
2.6    ,    Z5  I    13 


2.4 


2.45      It 


2.25      2.4       It 


9.0  '  2.6  , 

7,0  I  2.6  ' 

6.0  I  2.5  , 

6.0  '  2.5  I 

6.0  2.6 


2.1 
^1 
2.1 
2.0 
2,0 


2.4 
Z4 


2.3S  IC 
2.35:  li 
13       t« 


2.1  4.6 

2.26.  4.3 

2.5    I  4.0 

2.4  4.0 

2.3  a6 


a3 
a  2 
ai 
ai 
ao 

2.9 
2.8 
2.7 
2.7 
2.6 
2,6 


2.5 

2.0 

2.3 

IS 

2.5 

2.0 

135 

u 

2.6 

2.0 

12 

14 

2.6 

0.6 

115 

1% 

2.5 

&0 

16 

IJ 

2.6 

&0 

16 

il 

2.6 

lao 

16 

iJ 

2.76 

6.5 

16 

49 

3.75 

6.0 

16 

43 

3.66 

as  1 

16 

U 

2.65 

a65 

16 

13 

2.6 

a5 

155 

3.9 

2.6 

as 

15 

11 

2.6 

ai6 

15 

1* 

2.4 

a  15 

15 

Ik 

a  15 

1% 

Jan.    '    Feb.       Mar.     .\pr 


17  ' 

16 

16 


16 
16 
16 
16 
16 


16 
15 
15 
14 


ao 
ao 
a4 

4.0 
5.5 

7.0 
7.6 
6.0 
4.9 
4.9 

ao 

9.0 


I 
40  .. 

a: '.. 

40  .. 
43,.. 

a9  .. 

afil.. 
a4  .. 
a2i.. 
ai  .. 

ai,.. 

ao  .. 
ao  . 
ao  ., 
ao'. 
ao  . 


Rntin^  fnbkfor  Xorfh  Hiv<r  at  Port  Rvpubh\\  V  a.,  from  AtKjuift  />,  1H95,  to  April  1.  iS^^^ 


Fed. 
1.6 
1.8 
10 
2  2 
14 
Ifi 
Ih 
■<  0 


Second-feet. 
1«5 
215 
275 

aw 

445 
5.55 
700 

865 


Feet. 
a  2 
a4 

a  6 

as 

4.0 
4.2 
4.4 

4.6 


Second-feet.' 
1,050 

'         1.2tl0 
1.550     ' 

].S(i0     ' 

2, 170     '■ 
2.4S0 
'  2.7W) 

3. 100 


Feet. 
4.8 
5.0 
5.  5 
0.0 
fi.  5 
7.0 
7.5 
S.0 


Secotul-feet 
3.410 
3. 720 
4,405 
5. 270 
r..015 
0.S20 

7.  .T?»5 

8.  ,370 


Feet. 
8.5 
9.0 
0.5 
10.0 
10.5 
11.0 


Second-feet. 
9.145 
9,930 
10.  ei<)5 
11,470 
12,245 

iao20 


a  This  table  is  strictly  applicable  only  for  opi>n-channeI  conditions.    It  is  not  well  defined. 
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siimaied  monOdy  discharge  of  North  River  at  Port  RepubHc,  Va. 
[Drainage  area,  804  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
persgu.™ 

Depth  in 
inches. 

1806. 

445 
2,635 
245 
275 
500 

292 
*>A5 
202 
202 
215 

319 
346 
219 
239 
251 

0.40 
.44 
.27 
.30 
.31 

0.39 

.49 

.31 

.33 

.36 

1896. 

5,502 
4,805 
7,130 
4,340 
4,960 
2,945 
7,595 
1,550 
23,870 
7,505 
6,270 
2,790 

275 
500 
445 
350 
395 
350 
472 
310 
177 
420 
420 
420 

799 
1,488 
1,653 
1,594 

824 

U2 
1,085 

458 
1,224 

931 
1,088 

699 

.99 
1.85 
2.05 
1.98 
1.02 

.80 
1.35 

.57 
1.52 
1.16 
1.35 

.87 

1.14 

1.93 

2.37 

1.33 

1.18 

.89 

1.56 

.66 

1.70 

1.34 

1.51 

1.00 

1897. 

420 

11,240 

2,015 

865 

13,790 

865 

1,420 

330 

275 

372 
420 
625 
445 
445 
420 
330 
275 
215 

388 

3,138 

1,250 

642 

2,212 

489 

463 

292 

234 

.48 
3.90 
1.55 
.80 
2.75 
.61 
.58 
.36 
.29 

.55 

4.06 

1.79 

.89 

3.17 

.68 

.67 

.41 

Xi 

310  1               215              2.50 
^Aa                 215              256 
590  1               230              31Q 

.31  1             .35 

.32  '             .36 

.39                .45 

K9Q 

13,790  ;               215 

1.03            13.70 

1898. 

700                  275  1            491 

625  :               310  '            414 
2,480  1               310              581 
4,030  ;               555  i        1,110 
7,»7                  445  1         1,430 
2,480                  275              585 
3,720                  275              822 
9,920                  555          3,030 

662                  445              520 
11,470  1               275           1,814 

865                  330              507 
6,820                 395           1,089 

.61  ;              .70 

.51                .53 

.72  1              .80 

1.38              1.54 

1.78              2.05 

.73                .81 

1.02  :            1.18 

3.77              4.35 

.65                .72 

2. 26              2. 61 

.63  1              .70 

1.35              1.56 

11,470                 275  1        1,032 

1.28  1          17.55 

1899. 

fi,35r.                 445           1,126 
9,920                 395          2,132 
17,670                  865           .^-4.'i2 

1.40              1.61 

2.65  ,            2.76 

4.29  1            4.95 

' 

^  1 

—07- 


a  Discharge  interpolated  November  24-28,  1895. 
-8 
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HIBOSLLAHSOXre  DI80HAR0E  MEABTJESMSHT8  XV  VORTH  BITSR  BASDT. 

The  following  miscellaneous  measurements  have  been  made  in  the 
basin  of  North  River: 

MisceUanexyoH  dvtcharge  meotntrementft  in  North  River  basin. 


D&U\         I  stream.  Locality. 


Width, 


Area  of'    Mean 
section,  velocity. 


1«97.           I  1  I    Feet. 

Manh  22 '  Middle  River :  At  mouth  near  Mount  Me-  '        n4 

I  ridian,  Va.  I 

April  19 ' do I do 

November  7...' do do |         tfO 

Maivh  22 i  North  River I  Above  Junction  with  Mid- ■ 

'  die    River    near    Moimt  | 

i                                            Meridian,  Va.                      , 
November  7 . .    do ' do 

I  1  I 


Dv- 
chargp. 


Square   Feet  per  Secaui- 
feet.    I  seetmd.  '   feet 
396  '         1.58  G3S 


228  1.00 

151  '  .61 


229 
841 


lia 


SOUTH    FORK   OF    SHENANDOAH    RIVER    BASIN     BELOW    PORT  REPUB- 
LIC,   VA. 

OEHERAL  DEBORIPTIOV. 

South  Fork  of  Shenandoah  River  is  formed  at  Port  Republic,  Rock- 
ingham County,  Va.,  by  the  union  of  North  and  South  rivers,  and 
flows  northeastward  to  Riverton,  Va.,  where  it  unites  with  North 
Fork  to  form  the  main  Shenandoah.  Its  length  by  river  course  is 
about  96  miles. 

South  Fork  of  the  Shenandoah  is  to  a  certain  extent  navigable  for 
small  boats,  and  works  have  at  various  times  been  executed  for 
improving  it.  The  basin  is  trav(»rsed  by  the  Norfolk  and  Western  Rail- 
way, and  nearly  every  ])art  of  it  is  accessible.  Theoretically  a  large 
amount  of  power  is  available,  but  v(My  little  is  utilized.  The  bed  and 
banks  are  favorable  for  the*  construction  of  dams,  but  space  for  canals 
and  buildings  is  in  places  small. 

The  river  is  subject  to  frequent  and  rapidly  rising  freshets.  The 
stream  flows  alternately  in  pools  of  comparatively  slack  water  and 
over  ledgers  and  shoals,  forming  rapids  and  falls,  the  pools  being  shorter 
and  the  ledges  more  numerous  in  the  uj)per  reaches  than  in  the  lower. 

In  August,  1899,  a  reconnaissance  survey  of  South  Fork  of  Shen- 
andoah River  between  Port  Re])ublic  and  Riverton,  Va.,  was  made 
by  F.  II.  Anschutz,  under  the  direction  of  D.  C.  Humphreys,  for  the 
purpose  of  obtaining  a  ])rofile  of  tlu»  river  and  a  map  showing  the  loca- 
tion of  the  mills,  the  unused  falls,  and  the  localities  where  water  power 
might  ])ossibly  be  developed. 

The  results  of  the  work  an*  shown  by  the  profile  (PI.  Ill,  p.  134). 
The  distances  along  the  profile  and  maj)  arc  measured  along  the  cen- 
ter line  of  the  stream,  the  initial  ])oint  being  the  forks  of  the  river 
at  Port  Republic. 
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The  developed  and  undeveloped  power  of  the  river  at  the  tune  of 
the  survey  was  briefly  stated,  as  follows: 

At  Port  Republic  a  c*<>mbincd  sawmill  and  gristmill  utilizes  a  fall  of  10  feet  in  South 
River,  which  is  obtained  by  a  dam  about  a  quarter  of  a  mile  above  the  mouth. 

On  North  River,  in  the  first  1,500  feet  al>ove  the  forks,  there  is  a  fall  of  G  feet  which 
was  once  used  for  power  and  which  could  easily  be  developed  again. 

At  Shendun,  4  miles  above  Port  Republic,  on  South  River,  an  excellent  power  was 
partially  developed  during  what  is  known  as  "  lxx)m  times"  in  1890.  The  fall  is  said  to 
be  about  20  feet. 

Two  miles  downstream  from  the  forks  there  is  a  gristmill  utilizing  about  6  feet  fall, 
obtained  by  a  brush  dam  and  a  long  race. 

At  6  miles  there  is  a  fall  of  4.5  feet,  but  the  banks  are  low. 

At  7§  miles  there  is  a  small  gristmill  with  a  3-foot  timber  dam. 

Between  the  7i-mile  point  and  the  next  mill,  at  11  miles,  there  is  a  total  fall  of  25  feet, 
but  the  river  banks  are  much  broken  and  generally  are  low. 

At  11  miles  there  is  a  small  gristmill  using  about  6  feet  fall. 

At  12i  miles  there  is  a  gristmill  using  5i  feet  fall. 

At  17  miles,  opposite  Elkton,  there  is  a  combined  gristmill  and  sawmill,  with  a  4-foot 
dam,  using  6  feet  fall. 

In  the  neighborhood  of  Shenandoah  the  fall  is  rapid,  but  the  banks  are  Iqw. 

At  31  i  miles  there  is  an  old  mill  and  a  timber  dam  4  feet  high,  the  first  course  of  tim- 
bers of  which  is  missing. 

At  32i  miles.  Grove  Hill,  there  is  a  gristmill  and  a  good  dam  of  timber  and  loose  rocks, 
4  feet  high. 

At  37i  miles,  Kemple  Falls,  there  is  a  fall  of  15  feet  in  three-fourths  of  a  mile.  The 
bank  on  the  left  side  is  fairly  gocnl,  l)ut  on  the  right  side  of  the  main  group  of  channels 
the  river  spreads  out  over  and  runs  through  a  large  area  of  bowlders,  and  the  bank  for 
a  considerable  distance  back  is  but  little  above  the  surface  of  the  stream.  • 

At  38  miles,  Newport,  there  is  a  combined  sawmill  and  gristmill  that  uses  alx)ut  6 
feet  fall.     The  dam  is  about  4  feet  high,  l(X)8ely  made  of  timber  and  stonework. 

At  41  miles  is  Manks'  mill,  a  gristmill  with  a  dam  3 J  feet  high,  rudely  constructed  of 
brush  and  loose  stone.     The  fall  below  the  mill  is  good  and  about  7  feet  are  utilized. 

At  50  miles  there  is  an  old  mill  site,  nothing  being  left  except  the  foundation  of  the 
dam. 

At  55  miles,  Schuler,  there  is  a  gristmill,  with  a  dam  3i  feet  high. 

At  66i  miles  is  Goode*s  mill,  the  dam  for  which  is  3  feet  high,  of  timber  and  plank- 
ing backed  by  loose  rock.     The  mill  uses  a  fall  of  al)out  6  feet. 

At  79J  miles  is  Hazard's  mill,  on  th(»  left  bank  of  the  stream,  at  a  point  where  the 
river  splits  and  runs  around  a  large  island.  The  dam  is  in  the  left  branch  and  is  sub- 
stantially constructed  of  timber;  it  if<  4 J  feet  high. 

At  97 J  miles  is  Blackmore's  dam.  It  was  a  stoutly  l)uilt  dam  of  timber  and  dry 
masonry,  but  it  is  broken  at  each  end  and  part  of  the  upper  course  is  missing  at  the 
middle.     The  mill  is  no  longer  standing. 

At  101  miles,  Riverton,  are  the  Rivertx)n  mills.  The  dam  is  i)  feet  high,a  of  timber 
and  is  well  constructed. 


1  See  description  of  station  on  North  Fork  of  Shenandoah  River  near  Riverton,  Va.,  pp.  12o-r26. 
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ELK  SUH  AT  ELKTOV,  YA. 

Elk  Run  rises  in  the  Blue  Ridge  in  the  eastern  part  of  Rockingluun 
County,  Va.,  and  flows  northwestward  into  South  Fork. of  Shenan- 
doah River  near  Elkton. 

The  gaging  station  was  established  June  28,  1905,  by  N.  C.  Grover, 
in  connection  with  the  investigation  of  stream  pollution  in  the  Shen- 
andoah Valley.  It  was  discontinued  July  16,  1906.  It  is  located  tt 
the  highway  bridge  500  feet  south  of  the  railroad  station  at  Elkton,  Va. 

The  channel  is  straight  for  100  feet  above  and  200  feet  below  the 
station.  The  current  is  sluggish  at  the  gage.  Both  banks  are  low 
and  overflow  during  high  water.  All  the  water  passes  beneath  the 
bridge,  except  during  extreme  floods.  The  bed  of  the  stream  is  com- 
posed of  gravel  and  is  permanent.  The  stream  is  highly  polluted  by 
waste  from  tanneries  along  its  banks. 

Discharge  measurements  were  made  at  ordinary  stages  at  a  foot- 
bridge 1,000  feet  downstream  from  the  bridge  to  which  the  gageig 
fastened.  During  high  water  discharge  measurements  were  made 
from  the  highway  bridge. 

A  standard  chain  gage  is  fastened  to  a  floor  beam  on  the  down- 
stream  side  of  the  bridge,  near  the  right  end.  The  length  of  the  chain 
fr©m  the  end  of  the  weight  to  the  marker  is  8.74  feet.  The  gage 
was  read  once  each  day  by  C.  L.  Gooden.  Bench  mark  No.  2  is  the 
underside  of  the  coping  at  the  southwest  corner  of  the  first  railway- 
bridge  ])ier  on  the  right  bank  of  the  creek,  marked  with  red  paint 
''  U.  S.  G.  S.  B.  M."  Its  elevation  is  11.96  feet  above  the  datum  of 
the  gage. 

Unsatisfactory  conditions  of  flow  prevail  at  this  station.  The  dis- 
charge measurements  plot  very  erratically,  owing  probably  to  changes 
at  tlie  controning  point  below  the  station.  It  was  necessary  to  obtain 
the  discharge  by  an  indirect  method  based  on  the  assumption  of  a 
gradual  change  in  channel  conditions  between  successive  measu^^ 
merits.  The  estimates  can  probably  be  considered  accurate  ^^ithin 
only  20  per  cent  of  the  true  flow.  Ice  conditions  probably  affect  the 
flow  somewhat. 

Dlscharije  measurements  of  Elk  Run  at  Elkiariy  Va. 


height,     l^i^-charge.  Date. 


Mav  22 

F(rt. 

'Do                                -     -   1 

Juno  2-S 

1             2.  N) 

Jiilv  2<)       

. . .  . ;        2. 10 

Doconibor  2S 

1           2.  78 

1 

Sccond-fect.  1906. 

4.9      April  11 

4.0  I    Juno  14 


17.4 
II.  0 


h?,^,.  'i"^- 


Feet. 

2.78 
2.57 


STREAM    flow:    ELK    RUN. 
Daily  gage  hdghl,  in  feet  ^  of  Elk  Run  at  Elkiony  Va. 


Ill 


D*y- 

Jad. 

F*b. 

Mftr. 

Apt. 

ii*y. 

,™. 

Julj. 

Aii«, 

a«pt. 

Oel. 

N0¥. 

Dw. 

IWH 

%r 

2.7 

2,6 
2.6 

2.6 
id 
2,0 

2.5 
±&h 

2.55 

3-1 
2.9 
XT 

2.fl 

2.(t 

3:6 

2.55 

2,5 

Z5S 

Z7 
2.5 

2.5 
2.5 

2.5 
2.5 
2.fi 
2.0 
2,6 

2;A 

2:5 
2.5 
2.5 
X6 

IS 

2,79 
2,7 

2.72 

2:7 

I? 

3.55 

2.5 
2.5 

2.5 

2.5 

2.C£ 

2.0 

2.5 

2.7 
2.7 
3.2 

3,0 

2.S 

2.7 

2.6 

2.65 

2.6 

2.fl 

2.65 

2.0 

3.1 

3.1 

3.0 
3.0 
2.S 
2.7 
2.7 
2.« 

2.6 
2.5 
2.5 
2.5 
2.6 

15 
2.4 
2.4 
2.4 
2,4 

2.45 

%i 
2,45 
145 
245 

2,4 
2.4 
2,4 

14 
2,9 

2.0 
2,5 
2.6 
15 
2.5 

2.5 
2.5 
2,5 
2,5 
2,5 

2.5 
2.5 

15 
3.15 
2.45 

2^5 
2:5 
2.5 
Z6 
2.0 

3.2 
2,9 
2,7 
2.0 
2.0 

2,0 

IT 

2:65 

2.^5 

2-05 

II 

27 
2.7 
2.S 

2,8 
2:7 
2.7 
2.7 
27 
2,7 

2.7 

2.7- 

2.7 

2,7 

2.7 

2.7 
2.7 
2.8 
2.T 
2.7 

2.7 
2.7 
2.7 
2.B 
2.7 

2.T 
2.7 
2.7 
2.7 
175 

17 

a.  65 

2.05 
2.05 

2.65 
105 
2,65 
105 
2-05 

2.7 

2  7 

2.7 
27 

' 

2.7 

2.7 
2  7 

" 

2.05 

2  05 

'    2.7 
17 

2  65 

:i:::j:::::: 

2  65 

t 

2.tt5 

'' 

2.6 

ft 

„,„...,... 

2.6 

17 

ii 

,„^^^ 

3  5 

18 

2  7 

17 

2.8 

2.7 

2  8 

1  '     '* 

^75 
21S 
2.&S 

2.8 

3,0 

196 
19 

~" 

SlOftU* 

2.8 
a25 

3^1 

2-9 
2.»5 
2,t 
2.W 

2,7 
2.7 

2.* 

2.  a* 
2.11 

2.^ 
2.fll 
2.7 

2.8 
2.75 
2.85 
2.95 

ao 

3.0 
2.9.^ 
2.0 

2.85 

2.9 
2.9 
2.85 
2.8 
2.7 

"  a 

3, 1     1  2  a 

2.(57 

2.5 

2.6 

2.65 

2.51 

2.6 
2,50 

2.6 
2:58 

%S& 
2.6 
2.5H 

3.8 
10 
2.95 
2,S£ 

2-& 
2.85 

2.fifi 
2.75 
2.R 
2,S 

'  2.^ 
2.ftS 

j 

:::::;r: ':::::::: 

3,0      2.85 
2:01     2.85 

2.8  2,8 
2.9B     2.8 
2.91     2.8 

2.9  28 
2.8    ,  2.7g 
2.8       2.77 
^8       275 
3.0       2.7 

21  9       2  77 
Z.85     2.7 
2  8       2.7 

2.75     2.72 

2:7s     2.7 
2  8       2.7» 

3.0  2.77 

3.1  2.S 
3,0      2.75 

2  tt5     2.  78 

' 

1" 

..;„: t 

1 

2,95     5.R 

i'* " 

2.8 

2,  a 
2.8 
2,85 
4.5 

2.87 

2.85 

2.7 

2.75 

1 

i     1 

J         1        I         1 

'                                                    ..              ,...-T              . 

2,7    .  2.^7 

j            ■      '' 

5  M 

2. 58 

2.6 
2.6 
2.65 
3  7 



3.*    '  204 
3v2       2.0 

:i.o     ±tt 
2.ft5  1  2.ri 

" 

..  ,.J 

_._. ,!.._.. 

2  85  1  2.6      3.65 

2  9       2.  5,^  ,  2.  9 
29      2.lia     3,2 
2.fi5  1  2.6    '  19 
2,»    1  2.5      2l87 
2.  H       2.  0      2. 82 

1 
2.i>5     2.iV2     2  72 
3.0      2.5       2*i3 
2.(15     172     2,<i 
o  ufi     5  ?    ^  rt 

1 

i 

v/'.\::::j::::::l:::::::::v::::::: 

J                             .L4 

»,(*      Z7I-I     a- 85 
115     2.75     2ci 
2  9.5              :^  0 

'    ""     '                             "     ♦ 

3.0        '            2. 9     '  -J.  i<o     2.  tio     -2.  .V. 

2. 9      3.  1      2.  7 

a  Slight  ico  oomlitions  during  the  winter  season. 


112  THE    POTOMAC    RIVER   BASIN. 

Estimated  monthly  discharge  of  Elk  Run  at  Elhton^  Va. 

[DnUnaKc  area.  loJR  square  miles.] 


DischaiKci  in  second-feet. 


RunK^. 


Month. 


m)5, 

July 

AuKUst 

Septembi»r 

()ctob<'r 

November 

Deceml)er 

January 

Fe!)ruary 

March . .' 

April 

May 

June , 

Julv  \-\r> 


Maximum. 

Minimum. 

57 

• 
7.0 

85 

7.0 

15 

5.6 

27 

6.0 

12 

8.5 

46 

7.5 

29 

10 

18 

11 

42 

11 

132 

15 

20 

6.5 

54 

5.5 

44 

6 

Mean. 


'  Second-feet 

,  per  square 

mile. 


11.9 

14.1 
6.73  I 
9.39  I 
<,.40 

11.8    , 


15.8 
13.5 
19.3 
27.0 
11.5 
9.9 
10.7 


0.753  1 
.892; 
.4» 
.594* 
.595 
.747 


Depth  is 
iocho. 


aw 

1.0) 

.fiS 

M 

M 


1  00 
.854 
1.22 
1.71 
.728 
.627 
.677 


1.15 
M 
1.41 
1.91 

.33 


HAWK8BILL  CREEK  NEAR  LVRAT,  VA. 

Hawksbill  Oook  rises  in  the  Blue  Ridge  in  the  southeastern  pari 
of  Page  County,  Va.,  and  flows  northward  into  South  Fork  of  Shenan- 
doah River  about  4  miles  north  of  Luray. 

The  gaging  station  was  established  June  27,  1905,  by  N.  C.  Grover? 
in  connection  with  the  investigation  of  stream  pollution  in  the  Shenaa" 
doah  River  valley.     It  was  discontinued  July  16,  1906.     It  is  locate^ 
a  short  distance  above  the  mouth  of  Dry  Run,  H  mile^s  north  of 
Luray. 

The  chaiUK^l  is  strai<j^ht  for  500  feet  above  and  200  feet  below  th^ 
station.  The  current  is  moderate  above  and  swift  below  the  station- 
Rapids  below  the  gage  prevent  backwater  influence  from  Dry  Run^ 
except  in  case  of  extreme  floods.  From  well-defined  marks  the* 
high(\st  stage  known  was  found  to  be  lO.oo  feet  above  the  zero  of  the* 
gage.  This  stag(*  occurred  October  13,  1S93.  The  right  bank  is  high- 
rocky,  and  wooded,  and  does  not  overflow.  The  left  bank  is  low  and 
subject  to  overflow  during  high  water.  The  bed  of  the  stream  iscom-^ 
posed  of  gravel,  is  free  from  vegetation,  and  is  permanent.  There  its' 
but  one  channel  at  all  stages.  The  approximate  depth  of  the  water 
at  the  bridg(»  is  2  to  3  fc(»t. 

Discharge  measurements  were  made  from  the  footbridge  in  fron't 
of  the  obsei'V(M''s  house.  The  initial  point  for  soundings  is  the  oi^^ 
of  rock  at  the  right  end  of  the  bridge. 

A  staff  gage  in  two  sections,  the  lower  one  inclined  and  the  upp^^ 
vertical,  graduated  to  feet  and  tenths,  is  fastened  to  the  left  bank  1^^ ' 
feet  above  the  footbridge.  The  gage  was  read  once  each  day  h> 
J.  S.  Miller.  Bench  mark  No.  2  is  the  top  of  the  stone  under  th^ 
vertical  post  on  the  upstream  side  of  door  frame  in  the  old  daiO 
building,  200  feet  from  the  left  end  of  the  footbridge.  Its  elevati^^ 
23  15.10  feet  above  ^^ o£  the  gage. 
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timates  at  this  station  are  within  5  per  cent  of  the  true  flow  for 
lal  conditions  between  gage  heights  1.4  and  2.0  feet.  Above  and 
V  these  stages  the  probable  error  is  10  per  cent.  The  flow  was 
ably  unaffected  by  ice  conditions  during  the  winter  of  1905-6. 

Discharge  vuasurements  of  Ilaivksbill  Creek  near  Luray,  Va. 

^^^'  hei^t.   i  I>i8charge- 1;  I>«te.  ^^^^^    j  Discharge. 

1905.  Feet.      Second-feet..  1906.  Feet.     ^Second-feet. 

1.44  I  itt   ,  April  12 1.86,  75 

' 1.74  64  I    June  loo 1.50  36 

ber2>> 1.81  72';  '  ' 

I \ 

a  Measurement  made  by  wading  below  footbridge. 
Daily  gage  height ,  in  feet  ^  of  Hawksbill  Creek  near  Luray,  Va. 


Dav. 


Jan.    Feb.    Mar.    Apr.    May.  Jun«,  July 


I  I 


1.75  I 
1.7 
1.65 
1.0 


Jul;. 

Al«, 

mt. 

Q&i, 

N0¥, 

Dec. 

Lfi 

L4S 

L4 

13& 

1.4 

14 

1.6 

14 

11 

135 

14 

1.4 

Kft 

L4 

14 

14 

1.4 

165 

t.&fi 

1.4 

1*5 

135 

1.4 

l.« 

LU 

1.4 

L3 

1.35 

14 

15 

L6S 

1,4 

13 

1.36 

145 

1.45 

l.fia 

L4 

IS 

35 

1.45 

1.45 

L5& 

1.4 

13 

1.35 

14 

145 

1.5 

U4 

13 

135 

14 

145 

1.5 

L4 

14 

135 

14 

145 

1.5 

1.4 

14 

145 

1.4 

145 

1.4 

1.4 

1.4 

115 

14 

146 

1,5 

1.4 

13ft 

14 

14 

145 

L& 

1.4 

1.3 

1.4 

1.4 

1.45 

L4& 

I. SB 

L3 

14 

14 

145 

LA 

L^ 

1.3 

L35 

14 

1.45 

U4 

I.S5 

135 

1.15 

14 

14 

L4 

1,45 

1.6 

13« 

14 

14 

14 

U45 

135 

135 

1.4 

1.5 

Li 

LIS 

135 

1.35 

14 

15 

h4 

IAS 

1.3S 

L.35 

14 

2.9 

1.4 

1.45 

liJ5 

1.35 

14 

2.75 

1.45 

145 

1.35 

1.36 

1.4 

2.65 

1.45 

175 

14 

14 

135  1 

2.6 

1.45 

Ifi 

11 

1.5 

1.36  1 

2.36 

1.4 

u«s 

14 

Ifl 

135 

2.2 

1.4 

1 

14 

15 

135 

2.0 

1.4 

1 

1.35 

145 

1.4 

1.86 

1.4 

1 

1-3.1 

145 

1.45 

176 

1.6 

1.4 

Li-i 

145 

1.4 

2.4 

1.5 

1.4 

4 

2.25 
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Daily  gage  height,  in  feet,  of  HaurkMll  Cretk  near  Luray,  Va. — Continued. 


Day. 


Jan.  ,  Fell, 


igo6. 

1 2.0 

2 1.0 

3 as 

4 2.7 

5 2.45 

6 2.25 

7 2.2 

8 2.1 

9 2.0 

10 2.05 

11 2.0 

12 1.0 

13 1.8 

14 1.8 

15 1.8 

16 !  1.8 

17 1  1.75 

18 1  1.76 

19 :  1.76 

20 1  1.76 

21 '  1.7 

22 l.ftS 

23 1.75 

24 1.76 

25 1.8 

26 1.8 

27 1.9 

28 1.9 

29 1.9 

;« 1.9 

31 1.9 


'  L9 
,   hU 
'  1  8fi 

'  L7 
L7 
J. 7 
L65 

L<I5 

!  I.*i5 
I  1  7 
1.A5 

l.fi 

i.a 

1.55 
1.55 

1.6 
1.55 
1.55 
1.5 
;  1.55 

>  1.55 
1.56 

I 


lUr, 

Apr.  Umy. 

Jdm.  JdIj. 

Jkxm- 

Sept. 

Oct.   Not.  Dff. 

56 

1 
311       Lfl 

3^1    •  LS5 
Z05^  1.85 

1  M  '  1  TA 

L55     1  M 

S5 

.__j ■ 

a 

._...! 

3.n 

L56 

IK 

1 

ftfi 

' 

I.B& 

I 

„^'. ''  1  '>*.  1  i.76'  ]  ^   n 





1.85 
1.8 

1.8  i 

1.75 
1.7 
1.7    ' 
1.7 
1.75 

1.8 
1.75 
1.76 
1.86 

1.9  ; 

1.0 
1.9 
1.9 
1.9 
1.9 

1.9 
2.15 
2.4    ' 
2.35 
2.3    ' 
2.4 


1.9 

1.9 

i  1.95 

1.0 

1.9 

'  1.8 

03.35  I 

aofi  I 

I  2.55  I 
>  2.35  I 
'•  2.26  . 

I"  : 

2.1    ; 

2.0 
1.85 
1.85 
1.85 

2.1 
2.05 
2.0 
1.9    , 
1.0 


75 


1.5 
1.5 
2L0 

Li 

i.S& 
1.65 


1.65 

L66 

1.6 

1.6 

L6 

1.6 

1.55 

1.5 

L5 

1.5 

1.6 

1.5 

1.6 

1.6 

1.55 

1.5 


L6  .. 
1,5  . 
1.5     . 

L8  . 
L6  '.. 
1.55'. 
1.55  >. 


.£.  UO       i.OO 

1 

lliA  1 

2  5    1 



1 

ijt  :::::: :::::: :::::: 

\  i\       1 . 

I  (1 ■ 

*■  *  i 1 

2.46            J.... 

1 

1.75             1 

1.7  ;'*  " 

17' 

1  7               ' 

1* 

18    '           '           ' 

!      ■  ... 

18    ' ■ 

•75; > 

17^ 1 

i:«5 ;:::::: 

! 

".'.'.'. 

! ■■'""[ 

a  Grtgi'  height  «'Htiinut«'rl  Apr.  15. 1906. 
Hatintj  table  for  IftnihhiiJ  Cnrk  luar  Lnrny,   \'(i.,from  June  27:1906,  to  July  15,  iJWb" 


Cm  aw 
height. 

I)is<»hargiv 

holght. 

DiM 

•hargt*. 

height. 

DlitchaiKe. 

GaRe 
height. 

•  DischaiKe. 

.      hftt. 

Stcoml-frtt. 

Fret. 

Sfcomi-ftct. 

Ft  rt. 

'  Sfmnd-feet. 

Fert. 

Second-feet 

1.3() 

24 

1.90 

S3 

2.  "lO 

196 

3.00 

320 

1.10 

M) 

2.00 

08 

2.  m 

220 

3.10 

VA 

i.m 

a: 

2.10 

11. ') 

2.70 

245 

3.20 

,             384 

1        l.GO 

46 

2.  JO 

133 

2.M) 

271     ' 

3.30 

414 

;        1.70 

1                        .X 

2.30 

i:>2 

2.W) 

298 

3.40 

445 

'        l.NO 

09 

2.  40 

173 

1 

o  This  tul>l«*  is  strictly  upplienhle  on\\  for  oix-n-channel  ecmditions.    It  is  based  on  five  dlKh*ip 
measiin'meuts  iiuuii'  <liiring  l'.o;»  t».    It  is  fairly  well  ilj-nne*!  Ix'tweeu  gugi;  heights  1.4  leet  and  2.0fi«t 
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Estimated  monthly  discharge  of  Hawksbill  Creek  near  Luray^  Va, 
(Drainaf^  area,  52  square  miles.] 


Month. 


30. 


1906. 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

?fcC" 

63 

46 

54.5 

1.05 

0.156 

46 

30 

36.1 

.604 

.800 

63 

27 

32.6 

.627 

.723 

37 

24 

27.5 

.529 

.500 

46 

27 

30.0 

.577 

.665 

34 

27 

30.0 

.577 

.644 

298 

30 

81.7 

1.57 

1.81 

414 

52 

100 

1.92 

2.21 

83 

37 

53.9 

1.04 

1.06 

173 

42 

85.2 

1.64 

1.89 

430 

00 

123 

2.37 

2.64 

83 

37 

53.6 

1.03 

1.19 

232 

37 

68.8 

1.32 

1.47 

60 

37 

42.7 

.821 

.458 

SOUTH  70KK  OF  BHEKAHDOAH  RIVER  NEAR  FROITT  ROTAL,  YA. 

\i  Fork  of  Shenandoah  River  is  formed  at  Port  Republic, 
gham  County,  Va.,  by  the  union  of  North  and  South  rivers, 
ivs  northeastward  to  Riverton,  Va.,  where  it  unites  with  North 
>  form  the  main  Shenandoah.  Its  length  by  river  course  is 
)6  miles. 

paging  station  at  Front  Royal  was  established  June  26,  1899, 
P.  Davis,  and  was  discontinued  July  17,  1906.     It  is  located 
mile  above  the  bridge,  which  is  near  the  Norfolk  and  Western 
y  station. 

channel  is  straight  for  600  feet  above  and  below  the  station, 
3  current  is  sluggish.  The  railroad  follows  the  right  bank  of 
5am,  and  the  railroad  embankment,  a  few  feet  back  from  the 
}  overflowed  at  extreme  flood  stages  only.  The  bed  of  the 
is  composed  of  bed  rock  and  is  very  uneven;  in  places  the 
overlain  by  silt,  and  this  is  liable  to  shift, 
large  measurements  were  made  from  a  cable,  which  has  a  span 
•eet  and  is  suspended  over  the  branches  of  two  large  sycamore 
dth  its  right  end  fastened  to  the  tree  and  its  left  anchored  in 
und.  The  initial  point  for  soundings  is  on  the  main  cable  0.5 
•m  the  tree  on  the  left  bank. 

jage  is  a  vertical  timber  spiked  to  a  large  sycamore  tree  on  the 
[ik,  about  800  feet  upstream  from  the  cable.  A  high-water 
jading  from  14  to  26  feet,  was  established  September  18,  1905. 
vertical  board  spiked  to  the  shore  side  of  a  large  sycamore  tree, 
t  upstream  from  the  regular  gage.  The  gage  was  read  twice 
\,y  by  Miss  Brent ie  Johnson.  The  bench  mark  is  a  headless 
n  the  river  side  of  an  elm  tree  on  the  left  bank,  8  feet  down- 
from  the  gage.  It  is  1.5  feet  above  the  ground  and  has  an 
m  of  10.49  feet  above  the  zero  of  the  gage. 
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Estimates  for  this  station  are  within  5  per  cent  of  the  true  iis- 
charge  for  normal  conditions  of  flow  for  gage  heights  below  9.0  feel 
Above  gage  height  9.0  feet  the  probable  error  of  the  extension  of  the 
curve  may  be  as  much  as  15  to  20  per  cent.  Estimates  for  the  winter 
months  are  affected  by  ice  conditions.  All  estimates  published  prior 
to  1905  have  been  revised. 

A  summary  of  the  records  furnishes  the  following  results:  Maxi- 
mum discharge  for  twenty-four  hours,  76,800  second-feet;  minimura 
discharge  for  twenty-four  hours,  305  second-feet;  mean  annual  dis- 
charge for  five  years,  2,238  second-feet;  mean  annual  rainfall  foX 
seven  years,  37.45  inches. 

Ducharge  meaauremenU  of  Souih  Fork  of  Shenandoah  Rirer  near  Front  Royal.  Va  - 


\ 


Date. 


tegft.     l>'«*.,ge. 


I>.te. 


M^X.    Dl-taT*- 


SepU'mlwr  1 . 


February  14. 

June  19 

SeptembprH. 


1900. 


I     Feet.     Second-feetJ}                    1904.  Feet.    Seami^t^^ 

4.40.               616.11  JuneU 179  i           11-^ 

,  June 30 155  1            jrtT^ 

I                    !  September  27 3.50              '"^ 

•  ""      Octoberl9 3.42i 


July  21. 


1901. 


August  la. 


1902. 


.\ugu»t  10. 


1903. 


5.75 
7.90 
100 


&95 
120 
190  I 


1.955 

5,703 

536 


I 


4.211 

527 

1,065  j 


3==3 


1905. 


April  4. 

ukyie 

September  18. 

!  October27.... 

December  26.. 


I 


1781 
&28  ■ 
a95  I 
3.84  I 
5.94 


'e=2 


June  16. 


1906. 
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Daily  gatje  bright,  in  feet,  of  Ssonth  Fork  of  Shenandoah  River  near  Front  Royal.  Tc 


I)«y. 


Jjin. 


Fol).  '  Mar.      Xpr.     May.    June.     July.     .\ug.     Sept.  I  Oct.    ;  Nov.     Dh- 


1 

2                                                        1 

3 

4::::::::::::;::::;::;i::::::::::::::::::::::::::::!::::::: 

»j ' ' ' 1 

S 1 ' : 

I)  .  .  .  •  :  •   ' 

1(1 ' 

■   1   ■ 
11 ' ; 

!•.                  •  1       - 

13 , 1 1 

14 ' 1 ; 

l.'l    1                 ' 

„> ; ■ : !.._. 

17                 .      1      .      . 

li::::::::::::;::::::::':::::::::::::::::::::'::::::: 

in  ' ' ' 1..   . 

L'l) .   1       1 

1    i    ,    '    1 ' ■ 

22 i....;:.i....!::i:;;;;:j;::;:::i:::;::j: :;::::! 

2.3           ! 

r      1      i            ' 

24 ■ 

::;::::':::::::::::::: 

■; , 

2.'i            ' 

1   ' 

' 

2(i ' 

i 1 

14 

13 
125 
13;*,  , 

27 :..:.::':.:.:: 

28 i 

'    '    1 

29 1 

1 ' 1 

30           1 

1  1 

31 ....:;; 

!.: 1.......1 

13  , 

14 

14 

1«> 

5.5  1 

4.4 

13 

4.  .^'> 

135  ' 

14 

8.05 

U 

12 

12 

13  , 

13 

6.7 

a 

12 

125 

12  ' 

13 

5. 8.1 

a 

11 

135 

15  , 

13 

.5.8 

4.2 

12 

12 

4.3  1 

13 

5. 05  i 

i2 

12 

13 

12  ; 

13 

5.35 

a 

12:»  ' 

4.  (iS  ; 

1 15 : 

1  3;'. 

a.  2 

4.2 

l.V) 

13  • 

125 

14 

.5.(« 

Li 

17 

15 

175  1 

14 

185 

a 

4.  3 

11) 

1G5 

14  1 

18  1 

i3  _ 

12 

13 

15.-. 

14 

17 

i4-^ 

1  If) 

12 

11') 

13 

17  1 

ti-i;-:^ 

12  . 

12 

14  ! 

13  1 

10  , 

6.2:;; 

1  i:i 

12 

13 

13  ' 

lb  1 

5..-— 

4.  2.') 

13  , 

13 

12  , 

1 
la.--.  , 

**^ 

1  ir, 

4.  :i.-» 

13 

12  1 

15  1 

.vi-:. 

1 1:. 

4.  2:i 

12 

12 

15 

5.1 

1 1:. 

13 

12 

12 

15  1 

5.0  ^ 

11 

12r.  1 

l.V)  , 

12 

15 

i9^ 

11 

12 

5.8 

11 

15  1 

4.S-I 

11 

4.1 

5.  3 

115 

14 

l>  - 

1  ir.  ' 

11 

4.  v. 

12 

14  1 

tl* 

11 

10 

4.(1 

12 

15 

4.  1 

3.  U 

:..  0 

12 

1.1 

iSP 

4.  (O 

4.0 

4.(i 

12 

l.-Kl  , 

5** 

11 

10 

4.  .V, 

12  , 

15  1 

12 

13 

1() 

12 

14  1 

13 

5.  1.-. 

1.^. 

12 

14  1 

18 

:..o.-. 

la 

12  ' 

14  1 

Vit»  \ 

\.v>  \ 

V*i  ^ 
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ly  gage  height ,  in  feet,  of  South  Fork  of  Shenandoah  River  near  Front  Royal,  Va- 

Continued. 


Day. 


1901. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

5.55 

4.95 

6.4 

5.9 

5.3 

4.95 

4.8 

4.6 

4.1 

4.3 

4.5 

5.3 

5.55 

4.8 

ia65 

5.75 

5.25 

4.85 

4.7 

4.55 

4.1 

4.25 

4.5 

5.35 

5.6 

5.0 

&8 

5.7 

5.15 

4.8 

4.6 

4.45 

4.1 

4.25 

4.4 

5.15 

5.56 

5.6 

7.55 

5.6 

5.1 

4.8 

4.6 

4.4 

4.1 

4.25 

4.45 

5.55 

5.5 

5.2 

6.9 

5.5 

5.0 

4.8 

4.6 

4.4 

4.1 

4.4 

4.55 

5.8 

5.35 

5.05 

6.6 

5.4 

5.0 

4.8 

4.5 

4.3 

4.0 

4.3 

4.6 

7.6 

5.1 

5.4 

6.35 

5.4 

5.0 

4.7 

4.5 

4.3 

4.0 

4.4 

4.5 

6.75 

5.05 

5.0 

6.2 

5.3 

4.9 

4.7 

4.5 

4.3 

4.0 

4.4 

4.5 

6.1 

4.95 

5.0 

6.1 

5.2 

4.8 

4.7 

4.4 

4.2 

4.0 

4.3 

4.5 

5.95 

5.05 

5.0 

6.0 

5.2 

4.8 

4§ 

4.4 

4.2 

4.0 

4.4 

4.4 

5.85 

4.85 

5.0 

5.9 

5.2 

4.8 

4.6 

4.4 

4.2 

4.0 

4.45 

4.45 

5.6 

4.95 

4.95 

5.8 

5.1 

4.7 

4.5 

4.4 

4.2 

3.9 

4.45 

4.45 

5.46 

5.0 

5.1 

5.7 

5.1 

4.7 

4.4 

4.3 

4.2 

a9 

4.4 

4.4 

5.16 

5.6 

6.35 

5.6 

5.1 

4.7 

4.7 

4.3 

4.2 

3.9 

4.25 

4.4 

6.1 

5.65 

7.2 

5.6 

5.1 

4.7 

5.7 

4.3 

4.1 

4.3 

4.25 

4.4 

5.0 

5.0 

6.5 

5.5 

5.1 

4.7 

6.25 

4.3 

4.1 

4.65 

4.3 

4.3 

4.9 

4.8 

6.2 

5.5 

5.0 

4.6 

7.25 

4.3 

4.1 

4.95 

4.3 

4.3 

4.85 

4.8 

5.95 

5.5 

5.0 

4.5 

7.95 

4.2 

4.0 

4.65 

4.4 

4.3 

4.8 

5.0 

5.7 

5.65 

5.0 

4.7 

7.65 

4.2 

4.0 

4.15 

4.4 

4.3 

4.76 

7.2 

5.55 

6.55 

5.4 

.5.3 

6.85 

4.2 

4.0 

4.15 

4.3 

4.3 

47 

10.* 

5.45 

9.55 

5.75 

5.75 

6.2 

4.55 

4.1 

4.15 

4.25 

4.3 

4.6 

&35 

6.25 

&35 

5.9 

5.55 

5.8 

4.9 

4.2 

4.15 

5.05 

4.4 

4.6 

7.15 

a9 

7.5 

6.55 

5.35 

5.3 

4.85 

4.25 

4.1 

6.25 

4.85 

4.6 

&5 

8.65 

6.6 

6.7 

5.25 

5.a5 

4.65 

4.3 

4.2 

6.95 

4.95 

4.6 

6.15 

7.35 

6.55 

6.25 

.5.2 

5.2 

4.85 

4.3 

4.3 

6.75 

5.65 

4.6 

5.8 

6.85 

6.45 

6.3 

5.35 

5.1 

4.95 

4.3 

4.35 

5.6 

6.65 

4.6 

5.6 

6.55 

6.3 

5.75 

5.05 

5.1 

5.0 

4.25 

4.15 

6.35 

8.45 

4.6 

5.55 

6.2 

6.25 

5.55 

4.9 

5.2 

4.9 

4.2 

4.05 

5.05 

7.3 

4.5 

5.55 

6.15 

5.4 

4.85 

5.05 

4.8.5 

4.2 

4.0 

4.65 

6.35 

4.5 

5.5 

6.0 

5.4 

4.8 

4.9 

4.8 

4.1 

4.2 

4.55 

5.85 

4.5 

5.2 

5.95 

5.45 

4.7 

4.1 

4.5 

4.5 

4.5 

4.65 

4.3 

5.45 

6.25 

7.7 

7.2 

6.05 

6.75 

9.55 

4.5 

5.7 

4.5 

4.6 

4.25 

5.6 

6.1 

7.3 

7.05 

5.95 

6.6 

9.35 

4.5 

5.55 

4.4 

4.6 

4.3 

5.85 

5.95 

6.9 

6.8 

5.9 

6.35 

a6 

4.9 

5.4 

4.4 

4.9 

4.3 

9.8 

5.8 

6.75 

6.4 

6.05 

6.1 

7.45 

4.8 

6.35 

4.4 

5.1 

4.3 

a3 

5.75 

6.55 

6.05 

5.45 

5.85 

6.65 

4.75 

5.25 

4.4 

4.9 

4.3 

8.2 

5.6 

6.45 

6.2 

6.65 

5.65 

5.8 

4.65 

5.15 

4.4 

4.9 

4.2 

7.7 

5.55 

6.7 

6.3 

8.2 

5.45 

5.65 

4.6 

5.1 

4.4 

4.5 

4.25 

7.25 

5.5 

7.5 

6.2 

7.8 

5.9 

5.45 

4.5 

5.2 

4.2 

4.5 

4.3 

6.7 

.5.9 

7.15 

6.05 

7.0 

5.75 

5.25 

4.5 

5.35 

4.25 

4.9 

4.a5 

6.4.5 

7.4 

6.85 

5.95 

6.45 

5.55 

5.05 

4.5 

5.4 

4.4 

4.9 

7.05 

6.15 

7.25 

6.6 

5.7 

6.8 

5.35 

4.95 

4.5 

5.5 

5.3 

4.8 

10.25 

5.85 

7.0 

6.15 

5.45 

6.65 

5.2 

4.8 

4.5 

5.55 

7.  as 

4.7 

7.7 

5.6 

6.5 

.5.95 

5.3 

6.55 

5.05 

5.3 

4.45 

5.6 

7.15 

4.5 

6.7 

5.65 

6.2 

.5.85 

11.5 

6.45 

4.9 

5.05 

4.4 

5.7 

6.75 

4.5 

6.25 

16.3 

6.45 

5.7 

9.0 

6.25 

.5.4 

4.95 

4.4 

11.5 

6.3 

4.5 

5.85 

11.0 

6.45 

7.15 

9.3 

6.15 

5.25 

4.9 

4.4 

14.9.5 

5.75 

4.9 

5.65 

8.65 

5. 9,5 

9.9 

8.1 

5.  ft) 

5.05 

4.8 

4.5 

10.1 

5.4.5 

4.85 

5.5 

7.95 

.5.8 

8.7 

7.5 

5.9 

4.95 

4.75 

4.4 

aa5 

5.3 

4.75 

5.4 

7.5.5 

5.65 

7.3 

7.a5 

5. 75 

4.8 

4.7 

4.4 

7.6 

5.3 

4.6 

5. 25 

7.25 

5.6 

0.85 

7.0 

6.  .55 

4.75 

4.9 

4.4 

7.25 

5.3 

4.5 

5.2 

18.5 

.5.5 

10.3 

0.75 

7.5 

4.7 

4.85 

4.4 

6.45 

5.3 

4.3 

5.7 

1.5.  8 

8.25 

8.05 

6.5.5 

8.05 

4.9 

4.8 

4.4 

5.85 

5. 15 

4.3 

5.35 

11.35 

17.5 

7.6 

6.a5 

7.75 

4.75 

4.7 

4.5.5 

5.  &5 

5.0 

4.4 

5.4 

8.9 

10.5 

6.  75 

6.2.5 

7.45 

4.7 

4.7 

.5.7 

5.4.5 

4.95 

4.4 

5.4 

7.8 

9.4 

0.45 

0.0 

4.95 

4.  ('v5 

4.0 

0. 15 

.5.4 

4-85 

4.a'> 

5.5 

7.35 

11.5 

0.25 

.5.8 

5.5 

4.0 

4.0 

0.0 

5.  .35 

4.9 

4.3 

5.65 

7.2 

10.9 

0.  15 

.5.4 

6.4 

4.5 

4.8 

5.  .5.5 

5.55 

4.8 

4.3 

5.75 

6. 95 

9.5 

0.1 

0.85 

6.45 

5.15 

4.7 

5.3 

0. 55 

4.8 

5.95 

0.65 

8.9 

0.0 

0.7 

6.25 

0.9 

4.0 

4. 95 

10.0 

4.7 

1 

5.85 

6.3.5 

8.5 

7.3^5 

0.0 

5.95 

8.7 

4.0 

4.  75 

18.0 

4.7 

5. 5 

r».  1 



6.a5 

.5.8 

4.  .5.5 



13.5 
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Daily  gage  height,  in  feet,  of  South  Fork  of  Shenandoah  River  near  Front  Royd,  Vi- 

ContiDued. 


Day. 


Jan.     Feb.  '  Mar.  i  Apr. 


4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
1/). 


16. 
17. 
18. 
10 
20. 

21. 
22. 
23 
24. 
25. 

26. 
27. 
28. 
29. 
30 
31. 


8. 
9. 
10. 


II.. 
12.. 
13.. 
14.. 
15.. 


21. 
22. 
Zi. 
24. 
25.. 

26. 
27.. 
28.. 
29.. 
30.. 
31.. 


1903. 


16... 
17... 
18... 
19... 
20... 


1902. 

1 1  9.5    ;  6.1       23.5 

2 '  9,15  :  5.25  |  13.0 

3. I  &3  " 


7.7 
L4 


6.7    !    9.9 

6.05  I    9.5 

6.6  I    &9 


&15 

5.9 

&4 

&0 

5.7 

7.95 

7.75 

6.9 

7.5 

7.55 

5.9 

9.1 

7.3 

5.7 

ia5 

6.55 
6.0 
5.9 
5.8 
5.75  ; 

5.65  ' 
5.55 
5.5    ' 
5.5    ' 
5.45 

5.35 

6.3 

5.75 

5.3 

5.3 

I 
5.25  I 
6.4  I 
7.3  , 
8.55  , 
6.7 
5.45 


-).2') 

6.1 

9.3 


5.4 
.5.4 
5.4 
5.3 
5.3 


7.  ir> 
6.7 
6.5 
6.1 

5.8 
5.  7.-. 
5.7 


5.75 
6.95 
7. 25 
6.6     , 
6.25 

5.85 

5.95 

7.3 

9.75 

8.6 


5.9 
6.1 
6.1 
5.75  ' 
5.45 

5.5    ■ 

5.4 

5.35 

5.3 

5.25 

I 
5.2 
7.45  I 
6.2 
7.35  1 
11.0    I 

15.0    ! 

20.0 

14.5 


7.  a-) 

6.6 
6.4 
8.2 
7.65 

7. 1.') 
6. 9.5 
6.  a5 
6.45 
6.25 

6. 05 
6.1 
6.3 
6. 15 
6.1 


6.6.5  , 
6.25 
6. 15 

6.6  ' 
6.8     ' 

I 
6.65  1 

6.7  I 
7.3     . 


I 
7.6      10.65  I. 


7.6 

7.45 

6.55 

6.7 

6.65 


12.25  ' 
9.4 
7.9    ' 
7.45 
7.1 

6.  75 
6. 5.5 
6.a5  ' 
6.8.5 
6.75 


6.6 
6. 5 
6. 45 
6. 25 

6.  15 
6.0 
5.9 
5.8.5 


5.85 
7.4 
11.6 
9.65 

8.15 
7.65 
6.95 
6.85 
7.0 


6.55 
&45 
0.25 
a  15 
5.ft& 

7.4 
7.2S 

7.7 
fl.  1 

ia5 


13.25  , 
11.85 
10.1 
8.5    . 

8.1  ' 

8.8 
8.45 

8.2  • 
7.8 
7.35  ! 

6.75  ' 

6.45  , 

7.9  , 

7.9  I 

7.8 


Umj. 


6.45 
6.1A 

6.15 
6.0 
i.S 
&.7 
5JSS 


5.55 

5.45 ; 

5.4 


8-1  ; 

7.6 

7.rt 

l>,fl5 

6,7    ' 
6  EA 

fi.  .>5 ; 

rs,  45 

6.:i5 

6. 2,5 
S.4 
10.  .5.5 

9.  .35 
8.4 
7.9 
7. 45 
7.1 


5.9     ' 
i.8 
1.6.5  ' 
5.45 
1.25  1 

.2    I 
k  15  I 

;.05 
i.o 


5.4 

5t5 

6,5 
6,35 

&lfi 
5.5 


10.5  £.5 

g.e  .5.15 

6.9  5.4 

e.75  a.  4 

rt.6  5,3 


5.3 
5.3 
5.4 
5.4 

5.4 

5.3 

5,3S 

5.2 

5.1 

5.2 

5.1 

5.0 
4.» 
4,8 
J.  75 


Jim** 


5,« 
.'i.45 

5.5 
.^1.4 
5.1 

5.:* 

.5.:; 

5. 2.5 
.5.2 
5. 1.5 
5.1 

5. 0.5 


5.0 
5.1 
5. 15 


4.9 
i8 

4  75 
17 
4.6 


Julf. 


4.* 
4.7 
4.65 
4.6    < 

4.55  I 

4,46 

4.S 
4.75 
4.7 

4,B 

1.5 
1.5 
4.4 
4.7 
4.7 


5. 0 
5. 0 

5.0 
4.95 
4.9 
4.9     I 
5. 0    : 


5.95.1 


6.5 

5,  75 
5.4 

e,u 

7,9.5 

10. 1.5 
7.9 

7.S5 


6.7 
6.  Tm 

6.6 
6.  .5 
6.  1.5 
6.4 
6.  4 

6.4 
6.  :Vy 
6.  ;i 
6. 2^5 
.5. 9,5 

5.  75 
6.;i5 
7.4 

8.  .55 
8.45 


46 
455 
45 
445 
44 


455  45 

45  445 

4ft  44 

49  41 

4R5  43 

4fi  4.3 

45  42 
4  7  4,6 

46  46 
4.h  45 


Ai*. 


4.5 
4.45 
4.4 
43fi  I 
45    i 


45  ; 

44    I 
4.1    ; 

43    ] 

425  I 
I 
4.3    I 
5.5 

6.a5 1 

5.D5 
475 
4.55 


70 
tt.75 

6.  :*.■> 
(1.15 

,■1.75 

5-7S 
5.53 

5  ;i5 

.5.  25 


.5.0 
.5.9 


5.  6 
.5.45 
5.  25 
4!  95 
4. 7.5 
4.8 


44 
44 

46 
46 

46 

45 
4  5 
44 
43 
44 

435 
43 
43 
43 
43 

415 

425 

43 

435 

435 

43 
42 
4t 
42 
415 

41 
4.1 
40 
1.0 

40 
1,0 


49 
49 
4  9 
.■5.35 

,^fl 
5. 15 
4S5 
475 
47 

4.85 

.5.3 

.5.1 

4.8 

4.75 

4.7 

4.75 

4.8 

4.7 

4.7 

4.6 
1.6 
4.. 5 
4.. 5 
4.. 5 

4.5 
4.4 
4.5 
4.9 
.5.3 


Bt^U 


40 
40 
3.95 

£9 
^9 

3.a 

^H 
40 
42 
41 

41 
465  i 

40    i 

40 

40 


Oct.  I  Not.    Bk. 


4.0 
41 
41 
3.9 
3,i5 

3,8 
3.S 
40 
4,1 
415 


42    I 
42    L 
42 
0.0    ^ 

5.55  I 


I 


75    .. 


7.6    ' 
0.45  I 
5.65 
5,35  ' 
5.2    ' 

5.15  I 
5.05 
4S5  ' 
4  75  1 
4«    , 

47S 
47    I 
4  7 
4  7 
4.6     I 
I 

4.5  I 
4  4     I 
7.8    , 
7.5 
6.7 

6.55  I 
.5.55  ' 
5. 4  ' 
.5.3  I 
.5.2     I 

.5.1  ! 
4.95  , 
4.85 

4.75 ; 

4.6  1 


5.0 
43 
6.0 
5.1 
5.0 

43    , 
43 

4a 
13 
41 


1 \ 

I  iss 
I   u 

LI 

I    U  I 

13 
4.3 
13 
It 
13 


435 
43    I 

43  I 
435 

.» 

44  I 

1.5  ; 

43S  ' 
43    , 

4,3 


I 


I 


46 

4.6  ' 
4  5 

4  5 
4.5    ' 

45 
4  4 

5.5 
5.5 
6.0    I 

45  ' 

4.7  I 

46  , 
455 

45  I 

4  4 
44 

45 

46  > 
4.65  I 

4.55 1 

45  i 

45  ' 

4.5  I 
4  5 

445 

45 

45 

4.45 

4.4 

4.4 


5.' 

6^ 


4  1  435  ^ 

4ft  435  i- 

5.5    '  435  4 

5.65  43&  6. 

5.35  I  41  6. 


5.0  41 

465  '  46 

445  I  45 

44     ,  45 

4.4     I  445 


44 
435 
43    ' 

435  1 
41    ' 

45    , 
5.75 

5.7    \ 
5.3 


44 
4  45 

45  I 
455  , 

45Sl 

45 
4  45 
4  4    i 

44 

44^1 

45 
4  4 
44 
44 
44 

4.4 
44 

45  ' 
4.5  , 
4  4 

43 
4.3 
43 
4  4 
4  4 

45 
4.5 

4!65  ' 
4.7 
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gage  height,  in  feet,  of  South  Fork  of  Shenandoah  River  near  Front  Royal,  Va. — 

Continued. 


)ay. 


Jan. 


Feb.     liar.  <  Apr.  i  May.    June. 


XM.a 


as.c 


4.95 
4.75 
4.75 
5.06 
5.05 

4.8    I 
4.7 
4.6    I 
4.55, 
4.45  ' 

4.4 
4.5    ' 
4.55 
4.55 
4.4 

4.25 
4.25 

I    4.3 
4.4 

:     4.35 

!    4.9 

6.75 

8.15 

»5.75 

I    5.05  ■ 

'    4.8 
4.65 
4.45  I 
4.35  I 
4.25  ! 


3.7 
3.85 
3.95 
4.0    1 
4.0 

4.0 
4.6 
5.15 
5.2 
4.6 

4.45 
4.86 

4.85 ; 

5.1 
5.55  I 

5.2 
5.05 
4.9 
4.9 
4.45 

4.32 

4.22 

4.28 

4.1 

3.95 

4.15  i 

4.15 

4.1 

4.3 

4.25 

4.05  I 


4.2 

4.1 

4.15 

4.25 

4.25 

4.0 
4.05 
4.85 
4.65 

4.85 

4.85  I 
4.7     . 
4.6    I 
4.5 
4.4     I 

4.4  , 

4.35 

4.4  I 

4.6  I 

4.75  , 

4.8.5 
5.4 
6.9 
7.9 
67.7 

7.15 
6.35 
5.75 
5.2 


4.15  . 
4.06  . 
4.0  . 
4.15  ,. 
4.35 

4.25 
4.2 
4.3 

4.3  j 
4.5    I 

4.45 

4.4 

4.35 

4.4  I 
4.45  i 

4.35 
4.35 
4.4 

4.3     : 

4.3     i 

4.4 

4.9;-. 
5.7 

6.  4.-) 
8.0 


4.85 
4.85 
5.05 
4.95 
5.06 

5.0 

5.05 

7.3 

7.4 

6.7 

6.0 
5.75  , 
5.56  ! 

5.2  ; 

5.1 

5.0  { 
4.9  ! 
4.9  I 
4.9  I 
4.7 

4.7 
4.7 
4.95 
4.95 
4.95  I 

5.05  I 

5.1  ! 
5.1 
5.0 
5.25 
5.3 


6.15 


5.R5 
5.4 
5.05 
5.5 
6.65  I 

8.25 

7.4 

6.9 

6.52 

6.15 

6.0 

5.85 

5.8 

5.8 

5.75 


5. 9.'> 
7.0 
7.6 
6.0 
6.  7.') 


0.  .^'i 
6.2.-) 
5. 9.') 
.'■>.  6.'3 


I 
I 
5.2  I 
5.05  • 
4.85 
4.7 
4.65  I 

4.6 
4.6 
4.6 
4.7 
5.25 

5.75 

5.7 

5.35 

5.15 

4.95 

4.85 
4.8 
4.65 
4.56 
4.5 

4.5 
4.4 
4.4 
4.3 
4.4 

4.45 

5.5 
6.25 
6.8 
6.65 


5.4 

5.4 

5.28 

5.2 

4.75 

5.15 

5.3 

5.15 

5.1 

5.1 

5.0 

4.8 
4.9 
4.8 
4.8 

4.7 
4.7 
4.6 
4.5 
4.4 

4.35 
4.3 
4.3 
4.3 
4.42 

4.4 

4. .'» 
4.4.-) 
4.3 
4.:i 


6.4 

5.85 

5.45 

5.15 

5.1 


4.96 

5.06 

5.3 

6.2 

6.46 


5.0  6  5 

5.0    ,  6.Q 

5.0    I  6.4 

5.15  I  5.06 

5.7  4.96 


6.85 
5.65 
5.36 
5.25 
4.9 

4.9 
4.9 
6.3 
5.7 
7.6 

6.75 

5.9 

5.45 

5.25 

5.1 

5.0 
4.95 
4.6 

4.0 

4.8 
4.8 


4.3    : 
4.2 
4.2    1 

4.0  I 
4.2 

4. 15 
4.2    I 

4.1  ! 
4.05  ' 
4(0 

4.05  I 
4.15  I 
4.0  i 
5.45 

5.2  I 

5.28  I 
5.55  ! 
5.  .55; 
5.2  I 
4.45 

4.65 

4.45 

4.4 

4.a5 

4.3 

4.25 
4.2 
4..S 
4.1'» 
4.  :k) 

4.r>r> 


4.75 

4.7 

4.65 

4.55 

4.5 

4.4 

4.6 
4.65 
4.4 
4.56 

6.0 

6.15 

5.06 

4.76 

4.4 

4.3 

4.36 

4.4 

4.7 

4.5 


4.35 

4.25 

4.16 

4.3 

4.25 

4.2 
4.1 
4.1 
4.0 
4.0 

4.0 
4.0 
4.0 
3.9 
3.9 

3.8 
3.8 
3.8    , 
3.8 
4.2 

5.25 
4.a'i 
5.0")  I 
6.2 
9.35 

7.3 
6.1 
.5.6.^  , 
.5.2.^ 


July. 


4.6 
4.4 
4.3 
4.2 
4.1 

4.1 

4.05 

4.0 

4.2 

6.6 

7.95 

If 

4.75 
4.65 

4.4 

4.36 

4.3 

4.36 

4.25 

4.1 
4.1 
4.0 
4.3 
4.4 

4.3 

4.2 

4.35 

4.15 

4.2 

4.2 


4.*» 

4.7 

4.55 

4.5 

6.25 

5.7 

5.35 

5.05 

4.96 

4.8 

4.65 
5.16 
6.2 
7.45 
6.8 

7.6 

6.45 

5.7 

5.25 

5.0 

4.8.5 : 

4.6 
5.8 
6.9    , 
6.55 

6.  a'. 
6.2 

5.  'i 

.').  ir. 

.'i.O 


4.1 

4.06 
4.1 
4.3 
4.4 

4.5 

4.7 

4.46 

4.4 

4.76 

4.6 
4.6 
4.4 
4.2 
4.15 

4.1 
4.0 
4.0 
3.9 
3.8 

3.8 

3.75 

3.65 

3.6 

3.6 

3.55 

3.5 

3.5 

3.5 

3.55 

3.6 


4.85 

4.7 

4.6 

4.5 

4.4 

4.4 

4.36 
4.25 
4.2 

4.1 

4.1 

4.0 

4.25 

4.4 

5.25 

6.2 
6.28  I 
5.65 
5.1     ' 
4.78 

4.45 
4.3 
4.25 
4.2 

:ri 

4.1 
4.3 

4.4    I 
4.  .v. 
4.3 


3.6 
3.6 
3.6 
3.6 
3.6 

3.65 

3.7 

3.7 

3.7 

3.7 

3.7 
3.7 
3.7 
3.65 
4.16 

3.95 

3.7 

3.6 

3.6 

3.6 

3.5 
3.6 
3.5 
3.6 
3.5 

3.6 
3.4 
3.4 
3.4 
3.4 


4.3 

4.38 

4.86 

4.65 

4.5 

4.4 

4.35 

4.3 

4.15 

4.0 

3.9 

3.88 

3.8 

3.9 

4.0 

3.95  ; 
3.9 
3.9    I 
3.9 
3.9 

3.9 
3.8 
3.82 
3.82 


3.7 

3.7 

3.78 

3.S 

3.68 


Oct. 


3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 

3.45 

3.65 

3.46 

3.4 

3.4 
3.4 
3.4 
3.4 
3.45 

3.55 

3.5 

3.46 

3.4 

3.4 

3.4 

3.42 

3.4 

3.4 

3.4 

3.4 


3.7 
3.7 
3.7 
3.6 
3.6 

3.6 
3.65 
3.6 
3.6 
3.6 

3.6 

3.66 

3.6 

3.7 

3.72 

3.8 

3.7 

3.7 

3.75 

3.75 

3.72 

3.72 

3.6 

3.5 

3.6 

3.65 

3.78 

3.82 

3.8 

3.8 

3.82 


Nov. 


3.42 

3.4 

3.4 

3.4 

3.42 

3.4 

3.42 

3.45 

3.5 

3.42 

3.4 

3.4 

3.4 

3.65 

3.6 

3.62 

3.5 

3.46 

3.45 

3.4 

3.42 

3.4 

3.42 

3.42 

3.42 

3.4 
3.4 
3.4 
3.4 
3.4 


3.82 

3.7 

3.8 

3.78 

3.75 

3.8 

3.75 

3.7 

3.72 

3.72 

3.7 

3.8 

3.72 

3.7 

3.6 

3.65 

3.68 

3.65 

3.7 

3.7 

3.75 
3.68 
3.68 
3.62 
3.6 

3.65 

3.7 

3.7 

3.65 

3.62 


Dec. 


3.45 

3.4 

3.6 

3.6 

3.5 

3.45 
3.42 
3.45 
3.45 
3.62 

4.16 
4.4 

4.6 
4.8 
3.95 

4.1 
4.1 
4.2 
3.9 
3.9 

3.»7 

3.7 

3.88 

3.95 

3.9 

3.8 

3.96 

3.9 

4.5 

4.2 

4.0 


3.7 
3.8 
3.8 
3.75 
3.8 

3.82 
3.88 
4.25 
4.18 
4.05 

4.0 
4.12 
4.05 
3.96 
4.05 

4.  IS 
4.16 
4.26 
4.12 
4.0 

5.5 

8.32 

8.0 

6.75 

6.4 

5.95 
5.55 
5.25 
5.25 
5.45 
5.85 


e  conditions  during  January  (in'  a])()iit  H  inches  thick)  and  Dccfnil)or  (ico  about  3  iuches  thick), 

ige  heists  January  25  to  Fcbniarv  2.').  10()4.  approximate.    (Jagi*  not  in  cornx-t  position, 
econdltionsduring  Januar>- and  tobruary.  1905 
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THE   POTOMAC   RIVEB  BASIN. 


DaUy  gage  height,  in  feetf  of  South  Fork  of  Shitumdoah  Riinr  near  Front  Royal,  T'c- 

Continued. 


1.. 

2.. 
3.. 

4.. 

5.. 


Day. 


1906. 


10 

11 

12 

13 

14 

15 


16... 


18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 


26. 

27  . 

2M.. 

'2M.. 

30.. 

31.. 


Jan.  I  Feb.     Mar.  '  Apr.  ,  May.  i  June. 


I 


I 


.'i,4.'i  ' 

.''..25 

6.13 

8.47 

7.22 
6.4 
6.0. 
5.65  i 

:>.:j8  I 

:>.  17  ' 
5.0    1 
5.0 
5.0 
5.05 

.5.3 
5.3 
5.3 
5.2 
5. 12 

5.0 
4.9 
4.113 
6.8 
6.S.-) 

6.22 
5.7:)  ' 
5. 63 
5.6 


.'i.4;j 

5.3 
5.2 
5.1 
4.85 

4.82 

4.9 

4.73 

4.65 

4.5 

4.52 
4.45 
4.4 
4.4 
4.43 
I 

4.32 ; 

4.4     . 

4.33 

4.3 

4.3 

4.3 
4.25 
4.22 
4. 28 
4. 2.'* 

4.2.') 
4.12 

4.25 


I 


4.2    i 
4.17  . 
4.23 
5.a5 
7.02  I 

6.33  i 
5.8 
5.47  ' 
5. 15 
5. 15 

.').05  ' 
4.9  , 
4.8;^ 

4.7 

4.8 

5. 25 
5.^5 
5.77 
5.8 
5. 75 

5.8 
6.1 
5.9 
5.8 
5.6 

5.58 
5. 77 

6. ;-) 

7.  ;i') 
7.1 
«.  9 


7.05  '■ 
6.8 
6.45  ! 

6.25 ; 

5.85  I 

5.68  ! 
5.52  , 
5.4 
5.32 
5.3 


4 

35, 

28  I 
2  I 
35 


5.55 
5.45 
5.35 
5.2.'> 
5.05  , 


5.35 
5.45 
.'>.4 

5. 3 


5.22  I 
5.1     I 
5.0 
4.95 
4.9    I 

4.85  ' 

4.88 

5.0 

5.1 

5.05 

5.0 
4.0 

4.8 

4.78 

4.6 

4.62 
4.52 
4.55 
4.45 
4.4 

4.35 
4.3 

4.28 

4.2 

4.2 

4.2 

4.22 

4.3 

4.  a') 

4.4 
I.  72 


July.  ,  Aug. 


J 


5.45 


Sept.     Oct.     Xor. !  Dtt. 


4.02 
4.5 
4.42 
4.38 

4.3 
4.22 

5:28  .::::;::i::::::: ::::::: :;::::::::::: 
5.25  i 

5:?  1::::::: :::::::  ;::::::::;;:;;:::::. 

4.«^ 1 ■ 

4.65               ;             . 

4.2 

4.62 ..                   

4.18 
4.1 

4.4  :::::::':::::::::::::::::::::! 

4.28    ' 

4.1 

0 1...  :       i 

4.15 
4.22 
4.2 
4.4 

4.65 
5.45 

4.38    i 1 

5.32   ' ' 

4.65    ' 

*•*. 1 1 

4.25 ' 1 

5.75 

5.35 
5.35 

r      i!'!!]]     

: i*                  1 *              

6.2 
6.9 

6.  a*) 

!              1              1 

" '.]]!!!!']!]'!"! '..'. 

5.5 
5.35 

5.28 

■ 1 1 

i ' ' 

5.72 
6. 15 

5.5    ' 1 

5.35 

liat'nnj  tahlrs  for  South  Fork  of  Shuntuioah  fiinr  mar  Front  Royal,  Va. 
jr\K  J*;.  1S'.>«.».  TO   I>K('K.MBKK  31.   VMX,\.n 


hoifiht. 

Di.'iflijirp'. 

(Jap- 
luMKht. 

'  I)is«'hai>r«'. 

h.MKht. 

Disrharp*. 

Gacp 
height. 

;  Di^^harpp. 

F»r,. 

Stnitiii-tfit. 

Ft  ft. 

'S<c<)Ji(l-tfrt. 

r>ft. 

Sfcomi-ffff. 

Feet. 

Seroml-fftt 

W  yji) 

:«».-) 

:>.  10 

\           1.2-1) 

i\.  JO 

2,990 

I       11.00 

13.rtl0 

\\  '.M) 

;t')() 

.'».  •^) 

l.XM) 

f)  :.() 

3.  i:,o 

12.00 

16,.V.10 

l.(K» 

MK) 

.-).  M) 

'           1.110 

(\.  m 

3..^20 

>       13. 00 

20.000 

-1.  \{) 

I.V) 

:..  10 

1        1 .  :.<■.<) 

«i.  70 

3. 4<M) 

14.00 

24.000 

■l.-J<) 

1              .">1.') 

'i.rA) 

l.TiM) 

€^  s<) 

3.(W)0 

15.00 

2S.:co 

!.:«) 

.'>M» 

:..  m 

l.MO 

7.()0 

I.OIO 

16. 00 

(W.-'^OO 

4.  to 

(>.-)() 

.').  70 

!           l.'.MO 

7.  20 

4.370 

17.00 

;<8.;uio 

\.:^) 

720 

.').  so 

2.0S0 

7.  10 

t.7.''>0     , 

18.00 

43.r;00 

4.«K) 

Tor. 

:..  <»o 

2.  22() 

7.  (M) 

:..i:.o 

19.00 

48.900 

4.70 

STO 

0.00 

2.370 

7.  SO 

5.  :>70 

20.00 

51.700 

4.80 

1              H.-0 

0. 10 

2.  .'.20 

S.  00 

<J.(KX) 

•22.00 

6*).9on 

4.  IK) 

1           1.030 

«.  20 

2.  H70 

1»  (X) 

s.;«x) 

24.00 

80.2(K1 

r,.(X) 

1,120 

G.  M) 

2.  h:m) 

10.  (¥) 

lO.tMO 

1  This  tablo  is  strictly  applicabh-  only  for  oiM-n-channcl  rondition.^.  It  is  haw<i  on  five  dischAT^ 
nioa.sun>in«'nt.s  niado  during  189<.»-1903.  It  is  wi-ll  dcftn^d  Ix'twct'n  ^jap-  heights  4.2  ftvt  ami  6.0  f^y 
Above  gage  height  8.0  feot  e.stimates  are  based  on  a  dis<'harpe  iiirve  which  is  the  proihict  o'a^'JJl 
defin<'d  an'a  curve  and  an  approximate  extension  of  the  velcxit v  curve.  The  discharge  curves  for tD€ 
p«'riods  189^1905,  inclusive,  are  the  sanio  above  gage  height  10  0  ftnt. 
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lij  tables  for  South  Fork  of  Shenandoah  River  near  Front  Royal j  Va. — Continued. 
JANUARY  1,  19(M,  TO  JULY  16,  1906.o 


(Jage 
height. 

Discharge,  j 
Second-feet.  \ 

C.ace 
height. 

Feet. 

Discharge. ' 
Second-feet. 

Gaffe 
height. 

DIkIui^. 

h«jXi. 

iSet^fuHett. 

Fret. 

Ftet. 

Secom^fttu 

Fm. 

3.40 

320 

4.50 

890 

5.60 

2,070 

fl.70 

a.  770 

3.  .50 

350     i 

4.60 

970    1 

5.70 

5.210 

G.fiO 

'          3.W0 

3.60 

385     ' 

4.70 

i,om 

5.80 

2.350 

6.90 

4,120 

3.70 

425 

4.80 

ijm  1 

.7.90 

%m 

7.00 

1       i.aoo 

3.80 

465    ! 

4.90 

1,250    1 

6.00 

2,640 

7.30 

1'      ^^^ 

3.90 

510     1 

5.00 

i,:*.w 

A  10 

x-m 

7,40 

1         fi.OdD 

1        4.00 

560     1 

5.10 

um 

6,30 

1Z.&40 

7.fiO 

'          5,4§0 

4.10 

610    1 

5.20 

l.hlQ 

0.30 

3,100 

7.S0 

5.000 

4.20 

670    ,, 
740    1 
810     i 

5.30 

umG 

6.40 

x-m 

8.00 

1          0,320 

4.30 

5.40 

1,810    i 

6.50 

3,m 

9.00 

S.550 

4.40 

5.50 

\,^m 

fl.ao 

.%flM 

10,00 

10,980 

lis  table  is  strictly  applicable  only  for  open-channel  conditions.  It  is  based  on  9  discharge  meas- 
ents  made  during  1904  to  1906.  It  is  well  defined  between  gage  heights  3.4  feet  and  5.3 feet.  Above 
height  8.0  feet  estimates  are  based  upon  a  discharge  curve  which  is  the  product  of  a  well  defined 
mrve  and  an  approximate  extension  of  the  velocity  curve.  Above  gage  neight  10.6  feet  both  rat- 
ibles  arc  the  same. 

Imaled  monthly  discharge  of  South  Fork  of  Shenandoah  River  near  Front  Royals  Va. 
[Drainage  area,  1,570  square  miles.a] 


Dischar 
Maximum. 

ge  in  second 
Minimum. 

-feet. 
Mean. 

Run-off. 

Precipitation. 

Month. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

Per  cent 
of  precip- 
itation. 

In 
inches. 

Loss  in 
inches. 

1899. 
iry 

2.52 
4.95 
&12 
1.16 
•    4.95 
6Z09 
2.51 
a94 
a  78 
2.34 
.81 
1.34 

jary ' 

h.. : :...: ::.::::::: 

1 1 

....    1..: rJ:::.:: :    : 



2»h-30 

650 
950 
1,275 
2,080 
685 
6,110 
3,920 

547 
428 
350 
485 
455 
650 
515 

594 
538 
500 
759 
550 
1,236 
1,121 

.378 
.343 
.382 
.484 
.356 
.788 
.714 

.070 
.395 
.440 
.540 
.410 
.879 
.823 

16 
11 
14 
18 
109 
61 

2  ii 

St 

tmber 

ber 

mber 

miter 

aso 
a  24 

1.93 

—  .07 

.52 

The  yea  r 

1 

35.51 

. 

1900. 

»ry 

^ry 

h 

1... 

12,800 
8,060 

12.680 
3,490 
2,010 
5,890 
1,120 
795 
1,070 
3,920 
7.005 
5.150 

950 
950 
1.680 
1,120 
720 
650 
515 
400 
350 
547 
580 
720 

2,265 

2.492 

3,551 

1,755 

1,160 

1,708 

776 

538 

499 

1,042 

1.285 

1.417 

1.44 
1.59 
Z26 
L12 
.739 
1.09 
495 

L66 
1.66 
2.61 
1.25 
.852 
1.22 

!i7\ 

65 
45 
70 
66 
35 
20 
15 
21 
11 
24 
31 
57 

2.57 
a  73 
a  72 
1.89 
2.42 
5.98 
a  76 
1.93 
a  14 

a  19 

2.94 
1.83 

.97 
2.01 
1.14 

.67 
1.57 
4.76 
a  19 
1.53 
2.78 
2.43 
2.03 

.79 

wt 

pmber 

'her 

?inber 

-mber 

.343  1          .395 
.318            .365 
.664,          .765 
.  819  1          .  914 
.903           1.04 

The  year 

12.800 

.350 

'•^ 

.982         ia29 

36 

37.10 

2a  81 

drainage  area  of  1.570  square  miles  used  to  obtain  the  run-off  for  1906,  and  1,669  used  for  all  other 
f*r«:ipitation  for  complete  month,  June,  1899. 
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Eitimatfd  monthly  digcharyc  of  South  Fork  of  Shenandoah  Biver  near  Front  Bo^L  Fc- 

Continued. 


Dischar 

ge  in  second 
Minimum. 

-feet. 

Riin-4ia. 

I 
1 

Pneipitttkm. 

llontb. 

Maximum. 

Mean. 

Second- 

feet  per 

square 

mile 

Dq>tliln 
inciiea. 

Peroentl 
of  precip' 
lUtion.  > 

In      hma 
indM.jindHi 

1901. 
January 

4,055 
1.220 
11.580 
46.200 
40.900 
11.720 
15.070 
6,440 
7.580 
0.730 
2.505 
43.500 

615 

580 

515 

1,810 

1,080 

1,940 

1.440 

1,076 

720 

758 

650 

1.220 

1,806 
818 
1.975 
8.374 
5,768 
4,302 
3.912 
3.204 
1.825 
2.020 
966 
5.964 

.871 

.m 

L96 
&S4 

&68 
2.74 
2.49 
2.04 
L16 
L20 
.616 
&81 

LOO 
.M2 
1.45 
&96 
4.24 

aoo 

2.87 
2.36 
L29 
L49 
.687 
439 

43  1 

34' 
2161 

34' 

72| 

aso    IS 

4M        .1 
&82       LI 
7.54       it 
4»>     U 

SS  i". 

412     in 

r<*bniary 

liaroh 

Aoril 

May....::::::::::: 

Juno 

July 

Augufft 

September 

Octolwr 

November 

December 

The  year. 

46.200 

515 

3,319 

2.11 

2a  33 

60i 

4aM    i&fl 

1902. 
January 

9.600 

54.700 

76.800 

12.260 

3.150 

1,030 

1.6M0 

795 

2.370 

2.370 

2,750 

6.220 

1.385 

1,330 

3,070 

1,560 

910 

650 

515 

400 

305 

455 

455 

1.440 

3.730 

6.439 

9.871 

3.826 

1.579 

861 

764 

671 

631 

848 

784 

3.040 

2L38 
4.10 
6l29 
2.44 
LOl 
.549 
.481 
.364 
.338 
.MO 
.500 
1.94 

2.74 
427 
7.25 
2L72 
1.16 
.612 
.564 
.420 
.377 
.028 
.566 
2L24 

IQS  1 
96l 
201  ! 

•Si 

U\ 
gl 

17  1 

66  1 

2.69  1  -.; 
44B        -B 

aei,  --!« 
2.64,    l; 

2.WI     1; 
Z17        L£ 

2L22,    l; 

259 1     JJ 
a65       IV 

aS'    i« 

ass*      LH 

February 

March... 

April 

iSy!:.:::::::::: : 

June 

July 

August 

September 

October 

November 

Decemlwr 

The  year 

76.H0O 

JOR 

2.736 

1.74 

2a  52 

66  ' 

35.78!    tt» 

19a3. 

JamMir>' 

Fobniary 

March 

April 

May 

.Tunc.          

14.320 
7.700 

11. m 

12.400 
2.290 

13.(»10 
7.225 
2.010 
6.  r)7() 
2.370 
H70 

1.3K5 
2. 44.'> 
l.l»40 
2.220 
LOW 

i.rm 

010 
(vV) 
1150 
650 
580 
5S0 

3.850 
3.768 
5.043 
4.404 

1.417 
4.30S 
J.  338 
1.046 
1.7.38 
S42 

853 

2. 533 

1.2«»3 

l.(V49 

1.74C. 

1.486 

1.87.') 

1.375 

1.117 

613 

395 

326 

320 

530 

2.46 
2.40 
a  21 
2.86 
.903 
2.74 
1.40 
.667 
1.11 
.537 
.440 
.544 

2.84 
2.50 
a70 

a  19 

1.04 

ao6 

1.72 
.769 

1.24 
.619 

.627 

70 
72 
80 
88 
39 
40 
56 
22 
51 
26 

108  1      U4 
a49|      .« 
115         .5 

a62      .« 

2.69  1      l« 
7.63'      i* 

July 

August 

8«^pteml)('r 

OotolxT 

Nov»»rnlK»r 

r)t>ccinU>r 

a06;      LM 

a53!    i> 

2.42,      Ll< 

2.30 1    ir. 

.82'       .S 
.96'        .» 

The  year 

17.  .'WO 

O.Ci.'JO 

fi.  110 

.•S.OSO 

3.1H0 

5.4«) 

3.430 

(5.21,') 

1.105 

640 

,368 

3<i8 

1.I.T0 

r»so 

705 

.TtiO 

1.0(i0 
740 

1.1 -i0 
740 
560 
350 
320 
320 
320 
320 

1.  01 

21.80 

56 

38.84        17.W 

IMM. 

January  «h 

Fehruurv^ 

Ma  rch ..'... 

.  S24 
LOT, 
1. 11 
.<M7 
1.20 
.  870 
.712 
.3i»l 
.  2.52 
.20s 
.210 
.33S 

.950 
1.13 
1.28 
1.06 
1.38 
.977 
.821 
.451 
.281 
.240 
.234 
.390 

53. 

S 
62 

40i 

Ts' 

16 
18 
14  , 
20' 
24 
16  1 

1.80'        >5 
1.26.        .^ 
2.08          -^ 

April 

May 

Juno 

July 

August 

Soptoml)er. 

a43       i« 

2.53        ij 
L95  1       ^^' 

Ootol>er 

NovomlxT 

Decenibera 

120         -5 
.95'       -2 
2.46        i^ 

The  year 

6,  fian 

320 

I.OISI 

.  ri7« 

9.  10 

30  ' 

3a91,     2tS 

o  Ice  conditions  during  January  and  December.  1904;  no  rorrection  made  In  estimates. 
b  Estimates  Januar\-  25  to  February  25, 190^1.  api)roxlnmte. 
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monthly  discharge  of  South  Fork  of  Shenandoah  River  ruar  Front  Royal ,  Va. — 
Continued. 


Discharge  in  second-feet. 

Run-ofl. 

Precipitation. 

h. 

Maximum. 

Miiimura. 

Mean. 

Second- 
feet  per 
square 
mflc. 

Depth  in 
inches. 

Per  cent 
of  precip- 
itation. 

In 
inches. 

Loss  in 
inches. 

-27  a,,'/. 

2.005 
6.320 
6,870 
1.810 
2,005 
9.380 
5.480 
3.068 
1,200 
474 
474 
7.024 

425 
560 
1,405 
740 
560 
465 
890 
560 
417 
350 
378 
425 

917 

1,140 

3,104 

1,143 

920 

1,372 

2.236 

1,014 

595 

417 

425 

1.476 

.584 
.726 

L98 
.728 
.586 
.874 

L42 
.646 
.379 
.266 
.271 
.941 

.673 
.729 

1.99 
.812 
.676 
.975 

1.64 
.745 
.423 
.307 
.302 

1.08 

24 

2.79 

6  2.11 

6  2.25 

2.06 

3.45 

130 

6.23 

2.90 

1.68 

2.65 

.83 

a  81 

2.12 

'.'..'..... 

39 
20 
23 
26 
25 
25 
12 
36 
28 

1.27 
2.77 

a32 

4.59 
2.16 
1.26 
2.34 
.53 
2.73 

ear 

i                      1 

35.06 

1                    1 

Dischaige  in  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

1906. 

7,354 
1,849 
4,960 
5,795 
1,594 
4,120 
l,87.'i 

1,250 
622 
652 

1,405 
670 
610 

2,283 
957 
2,233 
2,393 
1,049 
1,464 
1,139 

1.45 
.610 
1.42 
1.52 
.668 
.932 
.72.'i 

1.67 

.635 

1.64 

1.70 

.770 

1.04 

.4.^1 

;  conditions  during  .Tanuary  and  February,  1905;  no  correction  made  In  estimates, 
ecipitation  for  complete  month,  February  and  March,  1905. 

iTEOTTS  DI80HABOE  MEA8TJKEMENT8  IK  SOUTH  FORK  OF  SESKANDOAH   RIVXR 
BASnr  BELOW  POET  REPTTBUO. 

allowing  miscellaneous  discharge  measurements  were  made  in 
n  of  South  Fork  of  Shenandoah  River  below  Port  Republic : 

0U8  discharge  measurements  in  South  Fork  of  ShenaTidoah  River  basin  below 
Port  Republic. 


Stream. 


Locality. 


Width 


Area      Mean 

of     I     ve- 

section.i  locity. 


Dis- 
charge. 


South  Fork  of  Shen- 
andoah River. 


....do 

....do 

Elk  Run 

Naked  Creek. 


Hawksl>ill  Cn'ok.. 
Flint  Run 


Gooneys  Crct'k 


At  Southern  Rwy.  bridge, 
400  feet  above  junction  of 
North  and  South  Forks, 
near  Riverton,  V^a. 


...do 

Near  Elkton,  Va 

...do 

Near  Verbena.  Va.,  i  mile 
above  mouth 

Nea r  I.,iiray.  V^a 

.War  month.  5  miles  above 
Front  Uoyal,  Va. 

UX)  yards  above  month,  un- 
der Norfolk  an(i  West- 
ern Itwy.  bri<lge.  5  miles 
above  Front  Royal,  Va. 


Feet. 


Sgitare]    Feet 
feet,    ^per  sec. 
304      I      2.60 


252      I 
464 
8.4 


2.27 

.84 
.65 


[.08  I 
.1.4  I 


Second- 
feet. 
791 


572 
389 

5.5 
a  23 

f3.2 
d2.3 


.1  second-feet  in  tail  tuco,  Ix-low  rniFI. 

!  probably  increased  by  rains  of  pnxx'ding  week. 

292—07 9 


c  Flint  Run  fed  bv  large  springs. 
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NORTH   FORK  OP  SHENANDOAH   RIVER   BASIN. 
PA88AOX  OmXBK  AT  BirOSTCni,  TA. 

Passage  Creek  rises  on  Massanutten  Mountain,  in  the  western  part 
of  Page  County,  Va.,  flows  northeastward,  and  joins  North  Fork  of 
Shenandoah  River  about  5  miles  above  Riverton,  Va. 

The  gaging  station  was  established  October  26,  1905,  by  Robert 
Follansbee  and  was  discontinued  July  16,  1906.  It  is  located  about 
700  feet  above  the  mouth  of  the  creek,  at  the  trestle  of  the  Southern 
Railway  at  Buckton,  which  is  a  siding  1  mile  east  of  Waterlick,  Va. 

The  channel  is  straight  for  200  feet  above  and  100  feet  below  the 
station.  The  current  is  moderate  at  the  measuring  section,  but  from 
a  i)oint  100  feet  below  the  section  to  the  mouth  of  the  creek  the 
velocity  is  rapid,  the  fall  in  that  distance  being  from  6  to  8  feet.  The 
banks  above  the  bridge  are  fairly  high,  wooded,  and  not  liable  to  over- 
flow. Below  the  bridge  they  are  low  and  liable  to  overflow  during 
ver}'  high  water,  the  flood  plain  being  several  hundred  feet  wide  at 
such  times.  The  channel  between  abutments  is  broken  by  seven 
trestle  bents,  and  there  are  from  three  to  eight  channels,  according  to 
the  stage  of  the  river. 

Discharge  measurements  at  ordinary  and  low  stages  were  made 
from  the  railway  trestle  or  by  wading  a  short  distance  above  at  a  point 
where  conditions  are  better.  High-water  measurements  can  be  made 
from  the  highway  bridge  2  miles  upstream.  This  latter  is  not  a  pood 
section  at  ordinary  stages,  as  the  current  is  too  sluggish. 

A  staff  gage,  which  is  read  once  each  day  and  oftener  in  floods  by 
Nehemiah  Messick,  is  nailed  vertically  to  the  third  trestle  bent  from 
the  left  abutment. 

The  bench  mark  is  the  head  of  a  nail  4  feet  above  ground,  driven 
horizontally  in  a  blaze  on  a  tree  situated  15  feet  downstream  from  the 
lower  end  of  the  wing  wall  on  the  right  bank;  elevation,  5.41  feet 
above  gage  datum. 

No  estimates  of  flow  have  been  made  for  this  station,  as  the  number 
of  measurements  is  insufficient. 

Discharge  measurcnunis  of  Passage  Creek  at  BHckion^  Va. 


Dato. 

helglbt. 

IMS-       'j 
charge.     ' 

Serond^eet. 
40 

I)ati>. 

Gage    1      Pi*- 
height. '     ch»ip- 

1905. 
OctolK»r26 

Feet. 
1.23 
1.25 

April 
Jun»' 

13. 

loot'.. 

Feet.    [SecofiHf^- 
1-40               2 

1  72                ^ 

1           ...- 

STREAM    flow:    PASSAGE   CREEK. 
DaQy  gage  height^  infeety  of  Passage  Creek  at  Buckton^  Va. 
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- 

Oct. 

KovJ  Due 

D.y- 

Oct. 

Not. 

l>ec. 

Day. 

Oct. 

Nov. 

]>«c. 

.95 
.D6 

a? 

.9 

t4 
[.2 

L2 
LI 

L15' 

.9S 

igos. 

12,..,, 

0.85 
.9 
,S5 

-^ 

.95 

.9 

.9 

a  9 

.9& 

LIS 
flLl 
aLl.^ 
flLl 

LIS 

^1 

2 
2 

2' 

21 
2" 
3i 
'A 

lOOfi. 

a9 

.9 

.9 
.SIS 
,9 
.86 
.95 

2.3fi 

"^1 

la 

1 

20 

■ 

14,., ,„ 

1.9& 

IS 

L2 

LIS 
L15 
.9 
.95 
.95 

J 

16 

L45 

L4 

17,.. 

s,.,., 

L2» 

1 

Ig 

77 

1D_ 

1.S 

:l:::::: 

ao... 

L4 

21 

.WS 

K.... 

1 

J 
H 

r< 

Jmh. 

LI 

L.VJ 

L3 

3-1 

2.0 

La 

L3 

i.a 

L2 
L25 

L3 
LiJ 
L3 

L4 
L4 

La 

lUr. 

Xpt. 

M»y. 

JmuL 

joir- 

Ai^. 

Sept. 

Oct. 

Not. 

D«. 

.* 

1.1 
LO 
LI 
3.1 
t.3 

16 
L5 
L5 

L4 

1.3 
LA 
L» 

La 

L4 

L4 
L35 
L4 

Le 

Lfi 

LA 
1.8 
2.2 

2.1 

5.1 

2.6 
2,2 
LO 
LS 
1.7 

i.e 

1.6 

I.a 

L3 
LSI 

1.6 
L.5 
L4 
1.4 
2.S 

2-4 

2.0 
L8S 
1.7 
l.d 

L5& 

1.5 

L4 

1.4 

1.4 

L4 

l.«5 

L5 

1.4 

1.3S 

J, 3 
LS 
L3 

L2.5 
L3S 

Las 

1.25 
L3    ' 
L25 
1.2 

L3 
L2 
L2 
L2 
LI 

LI 
LO 
LO 
LO 
LO 

LO 

.95 
.9 

.ft,") 

1.0 
.0 

.S5 
.96 
.9 

,9 

LI 

LO 
,9 
.^ 
,S5 

LI 
LO 

.9 

.9 

L« 
3.2 
2,1 
2.4 

2.sa 

2,1 

L95 

L9 

LT 
2.  ft 

L7 
l.fl 
L4 

L3 
L2 
La 
L3 
LI 

1.0 
.9 
.D 

.a 

LO 
.8S 

LB       L7 
LSS     l.fi 

LS^i     i.A 
LA       LJi 
L<       1.2 
L4       LI 
L^l       LI 

LtS  1  LI    , 
L4    1  L15 
L3    '  LU 
L3       l-l 

• 

*^*,_^^*...  ^. 

-------- 

L3 

1.3 
L2 
L3 
L2fi 

LO 
LO 
LO 

L2       LO 
1.2       Lft 

1.2       LO      3-ft 

^ 

L23  ,  LI 
L  2     „ . . . . 

3.4 

L2  1 |3.a 

1.2    1       -     1  3.fl 

"""1"""'" 

k  frozen  December  17-19,  1905. 


6  Ice  conditions  February  4-13, 1906. 


VOBTH  FOBK  OF  BHENAITDOAH  RIVEB  HEAB  RIVEBTOV,  VA. 

Fork  of  Shenandoah  River  rises  in  the  northern  part  of  Rock- 
oiinty,  Va.,  and  flows  in  a  very  tortuous  southeastward  and 
ward  course  to  Riverton,  Va.,  where  it  unites  with  South 
form  the  main  Shenandoah.  Its  drainage  area  is  1,040 
iles. 

w  of  this  stream  is  rather  variable,  although  the  discharge  of 
ts  tributaries,  especially  in  the  upper  part  of  the  valley,  is 
The  mills  on  North  Fork  are  small,  and  the  dams  are  gen- 
vood  or  brush. 
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Daily  gage  height,  in  feet,  of  North  Fork  o/ Shenandoah  River  near  Riverton,  Ta.— 

Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

U.y. 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

IMC. 

1900.0  6 

1 

4.0 

5.0 

6.05 

4.7 

4.25 

3.8 

3.9 

3.72 

3.6 

3.8 

3.7 

ill 

2 

4.0 

5.0 

7.85 

4.58 

4.17 

3.8 

3.9 

3.65 

3.6 

3.8 

3.72 

in 

3 

4.0 

5.0 

6.55 

4.52 

4.15 

3.8 

3.85 

3.6 

3.62 

3.75 

3.7 

it 

4 

4.0 

5.0 

5.4 

4.48 

4.1 

3.9 

3.78 

3.55 

3.62 

3.7 

3.75 

ii 

5 

4.0 

4.9 

5.1 

4.4 

4.05 

3.88 

3.72 

3.52 

3.58 

3.7 

3.7 

ii 

6 

4.0 
4.0 

4.5 
4.38 

4.88 
4.82 

4.32 
4.28 

4.05 
4.0 

3.82 
3.8 

3.72 
3.7 

3.5 
3.5 

3.6 
3.6 

3.7 
3.78 

3.7 
3.7 

5.7 
i8 

7 

8 

4.0 
4.0 

4.1 
4.0 

4.75 
4.68 

4.25 
4.2 

3.98 
3.95 

3.8 
3.8 

3.7 
3.08 

3.55 
3.58 

€.58 
3.6 

3.8 
3.7 

3.7 
3.63 

il 

ii 

9 

10 

4.0 

3.95 

4.6 

4.15 

3.92 

3.8 

3.08 

3.6 

3.6 

3.7 

3.tB 

ii 

11 

4.0 

4.0 

4.5 

4.15 

3.9 

3.75 

3.(t2 

3.6 

3.6 

3.68 

3.7 

ii 

12 

4.0 

3.98 

4.42 

4.15 

3.9 

3.72 

3.G2 

3.58 

3.6 

3.65 

3.6 

u 

13 

4.0 

4.12 

4.38 

4.15 

3.9 

3.7 

3.(12 

3.5 

3.58 

3.7 

3.6 

i« 

14 

3.98 

5.1 

4.35 

4.15 

3.9 

3.72 

3.65 

3.5 

3.6 

3.7 

3.68 

1% 

15 

3.92 

5.2 

4.35 

4.1 

3.9 

3.75 

3.(12 

3.5 

3.6 

3.7 

3.6S 

u 

16 

3.9 

4.87 

4.35 

4.1 

3.82 

3.78 

3.6 

3.55 

3.7 

3.7 

3.6 

IS 

17 

3.8 

4.62 

4.3 

4.1 

3.8 

4.45 

3.68 

3.6 

3.68 

3.78 

3.6 

ii 

18 

3.8 

4.42 

4.25 

4.1 

3.8 

6.75 

3.62 

3.6 

3.65 

3.8 

3.63 

Xf 

19 

3.92 

4.35 

4.5 

4.2 

3.8 

5.76 

3.6 

3.55 

3.68 

3.75 

3.62 

If 

20 

4.92 

4.35 

6.95 

4.55 

3.8 

4.98 

3.6 

3.55 

3.6 

3.7 

3.65 

IS 

21 

7.3 

4.25 

8.2 

4.6 

3.8 

4.62 

3.62 

3.5 

3.6 

3.7 

3.7 

i: 

22 

5.65 

4.75 

6.7 

4.6 

3.8 

4.3 

3.7 

3.62 

3.58 

3.7 

3.62 

Ii 

23 

4.9 

6.98 

5.9 

5.22 

3.8 

4.2 

3.82 

3.6 

3.58 

3.7 

3.6 

II 

24 

4.55 

6.3 

5.42 

5.4 

3.8 

4.15 

5.28 

3.6 

3.6 

3.75 

3.68 

la 

25 

4.25 

5.63 

5.18 

5.1 

3.8 

4.08 

4.32 

3.6 

3.6 

3.78 

3.7 

h 

26 

4.02 

5.15 

5.0 

4.75 

3.8 

4.0 

4.22 

3.6 

3.6 

3.85. 

4.65 

13 

27 

4.0 

4.9 

5.0 

4.62 

3.8 

3.92 

4.0 

3.55 

3.6 

3.9 

7.0 

II 

28 

4.0 

4.8 

4.9 

4.5 

3.8 

3.9 

3.92 

3.6 

3.G2 

3.8 

5.25 

la 

29 

4.5 

4.9 

4.42 

3.8 

3.9 

3.82 

3.<i2 

3.72 

3.75 

5.3S 

1.1 

30 

5.0 

4.8,5 

4.32 

3.8 

3.9 

4.08 

3.6 

3.95 

3.72 

4.4=; 

I A 

31 

5.0 

4.8 

3.75 



3.8 

3.ti2 

3.7 

1,1 

1901.r 

1 

3.72 
3.75 
3.8 

3.78 
3.8 

3.  HT, 
3.75 
3.H 
3.  72 

3.95 

3.9 

3.8.5 

3.78 

3.S 

3.9 
3.95 
3.88 
3.82 

3.7 

3.8 
3.78 

3.8 
3.85 
3. 8.5 
3.8 

4.38 
4.4 

CO 

7.6.5 

6.6 

6.2.5 
(i.  25 
5.9 
5.4 

4.98 

4.9 

4.8 

4.72 

4.65 

4.6 
4.5 
4.42 
5. 15 

6.1 

5.(»5 

5.15 

5.48 

4.85 

5.95 
6. 6 
7.1 
5.9 

tl 
4.5 

4.8 
5.5 
4.3 
4.4.5 

4.2 
4.28 

4!a5 
4.a5 

4.3 
5.8 
5.5 
4.8 

5.2.5 

5.55 

5.2 

4.92 

4.75 

4.4 

4.25 
4.22 
4.1 

.5.U2 
4.65 
4  4 
4.3.5 
4.3 

4. -22 
4.1 
4. 15 
4.1 

3.S 

3.K 

3.S 

.IS 

3?» 
3.S 
3^ 

1% 

I* 
it 
ifi 

iS 
i3S 
4S 

2 

3 

4 

5 

6 

7  .   ... 

8 

9 

10 

3.7 
4. 15 

3.82 
3.« 

3.  S.5 

.5.1 

4.8.5 

6. 25 
6.  (i2 

5.4 
.5.0 

4.35 
4.4 

4.45 
4.3 

4.a5 
4.2 

3.95 
3.95  , 

3.S 
3.7 

ii 

n 

12 

5. 3 

3.8 

9.a5 

4.7 

6. 25 

4.78 

4.7 

.5.2 

4.1 

4.0 

.16 

14 

13 

5. 75 

3.9 

(1.5 

4.6 

5.  (i.5 

.5.1 

4.7 

.5.  .55 

4.02 

3.9.5 

3.«. 

iE 

14 

5.1 

4.0 

.5.  m 

7.45 

.5.3 

.5.3 

6.4 

4.7 

4.0 

3.9 

3.7 

If) 

4.H5 
4.tW 

3.95 

.5.3.5 
4.98 

12.  r. 
8.3 

4.85 
4.fi8 

4.95 
12.  15 

6.9 
6.S2 

4.4 

4.6 

4.0 
4.15 

3.9 
.3.82 

3.; 

^\ 

Ki 

17 

4.4.1 

3.8 

♦i.9 

4.6 

11.1 

7.1 

4.58 

4.15 

3..S 

3.S 

IS 

4.3 

3.S 

4.  (Y2 

f).  2.5 

4.72 

7.5 

6.48 

4.35 

4.15 

3.8 

3.'< 

i.i 

19 

4.3 

5.  .5.5 

3.  S2 
3.  7K 

4.  .52 
4.2 

5.  8;5 
7.4 

4.  ,5.5 
4.  .52 

♦i.  25 
.5.9 

6. 95 
0.1 

4.  .55 
4.4 

4.1 
4.a5 

.3.8 
.3.H2 

3.7 

.r7 

4? 

20  

21 

4.95 

3.8 

4.9 

10.5 

4.  a5 

6. 95 

.5.3 

4. 15 

3.95 

3.78 

3.7 

vd 

22 

4.:^) 

4.0 

4.9 

12.  4.5 

7.a5 

<i.  75 

4.9,5 

4.05 

.3.88 

3.75 

3.S 

23 

4.0,-) 

3.  98 

4.9 

8.5 

14.7 

i\.  2 

4. 75 

4.05 

3.88 

.3.7 

s-.s-j 

24 

3.98 

3.  95 

4..S2 

6.8 

S.7 

5.  75 

4.  .5.5 

4.2 

3.8 

.3.7 

.V'i"' 

I"- 

2,--, 

4.0 

3.92 

4.7 

6.  6;5 

7.15 

5. 25 

4.5 

4.6 

3.8 

.3.72 

4.N5 

,i 

2«) 

.3.98 

3. 8.5 

4.(i2 

6.1 

6.  .5.5 

5. 3 

4.3 

4.75 

.3.7 

.3.8 

4.  .5 

:.p 

27 

4.0 
4.0 

3.82 
3.72 

4.  75 
4.  75 

5.7 
.5.3 

6.  Jm 
7.05 

5.  .5.5 
4.7 

4.  .3,5 
4.3 

4.5 
4.2.5 

3.  f« 
.3.<i.5 

3.8 
.3.S 

4.i.=. 
4.i5 

2X 

ti? 

?.»  

3. 95 

4.  .5.5 

.5.1 

7  2 

5.4 

4.  15 

4.3 

5. 15 

.3.82 

4.  a') 

'^- 

:w 

3.92 

4.5 

5.0 

6.7 

5. 6 

4.  r».5 

4.5 

.5.9 

3.S2 

4.0 

ui 

31 

3.9 

4.45 

6.2 

4.  .15 

4.9 

.3.8 

^-^ 

a  All  pago  hoiphts  .Juno  'Jii.  ls<».).  to  .S.'pU^mhor  10,  liKM),  rofor  U>  1900  datum.     Datum  lowen^l  1  *<*'^ 
Sept€ml)pr  10.  UKK). 
c  River  frozJMi  January  1-14  and  January  .30  to  F«'bruary  0,  1900. 
d  Ice  conditions  during  part  of  January  and  February,  1901;  river  frozen  Dooemlier  21  to  28.  IWl. 


STREAM   flow:    NORTH   FORK    OF   SHENANDOAH. 


127 


mmmary  of  the  records  furnishes  the  following  results:  Maxi- 
discharge  for  twenty-four  hours,  21,630  second-feet;  minimum 
irge  for  twenty-four  hours,  90  second-feet;  mean  annual  rainfall 
ven  years,  37.91  inches. 

'^charge  measuremerUs  of  North  Fork  of  Shenandoah  River  near  Riverton,  Va. 


Date. 


1809. 
bcr2.  ... 
ber26... 


1900. 
ry  13 . . . . 


ber  10  6.. 
1901. 


1902. 


1903. 


oGag« 
height. 

Feet. 

3.85 
a85 

4.25 
a30 

aeo 

5.95 

4.20 
4.40 

Discharge. 


Second-feet. 
270 

287 


645 

2,923 

146 


2.410 
256 

388 


Dau». 


1904. 

June  10 

July  1 , 

September  27  . . . 
Octol)erl9 

1905. 

April3 

May  17 

October  27 

December  27 

1906. 
April  13 


o  Gage 
height. 

Feet, 
181 
171 
3.95 
111 


5il8 
&68 
148 
Sl60 


&60 


Discharge. 


Second-feet. 
578 
480 
93 
130 


645 


273 
961 


969 


o  All  gage  heights  refer  to  1905  datum.  ^  Measured  by  wading. 

oily  gage  height^  in  feet,  of  North  Fork  of  Shenandoah  River  near  River  ton,  Va. 


Jan.   1  Feb. 


Mar.  I  Apr.     May. 


June. 


LI 


T 


3.85 

3.88 
3.88 
3.88 
3.8 


July.  ,  Aug. 


3.8    I 
3.8    I 
3.78 
3.8 
3.73 

3.78 
3.8 
3.8 
3.8 
3.8 

3.8 
3.78 
3.75 
3.75 
3.7 

3.68 
3.68 
3.78 
3.75 

3.;   I 

3.68 
3.<i8  I 

3.r>r) 

3.  .')8 
3.62 

3.7 
3.r>8  , 

4.12 

3.S 

3.' 


3.68 

3.68 

3.68 

3.7 

3.65 

4.0 

3.95 

3.95 

3.82 

3.8 

3.72 

3.7 

3.7 

3.72 

3.7 

3.78 

3.78 

3.78 

3.7 

3.(>5 

3.62 
3.62 
3.68 
3.65 
3.62 

3.65 

3.62 

3.7 

3.68 

3. 9.') 

3.0 


Sept. 


3.88 
3.88 
3.95 
3.85 
3.72 

3.72 

3.72 

3.7 

3.7 

3.7 

3.7 
3.72 
3.72 
3.7    I 
3.7 

3.68  ' 

3.7  , 
3.68  I 
3.6 

3.8  I 

3.8    , 
3.8 
3.8 
3.8    I 
3.8 

I 
3.8 
3.78  I 
3.7.'i  ' 
3.7 
3.7 


Oct. 

Nov. 

Dec. 

3.7 

4.2 

3.68 

3.68 

3.95 

3.7 

3.6 

3.95 

3.65 

3.65 

3.95 

3.65 

3.7 

3.85 

3.62 

3.68 

3.8 

3.6 

3.65 

3.8 

3.62 

3.65 

3.8 

3.65 

3.68 

3.8 

3.6 

3.7 

3.8 

3.62 

3.7    I 
3.7 
3.7     I 
3.7 
3.7 

3.65  ' 
3.65  ' 
3.7 
3.68 
3.7 

3.65 
3.65 
3.65 
3.(V5 
3.7 

3.7 
3.7 
3.7 
3.7 

3.»ys 

3.7 


3.78 

3.65 

3.75 

3.68 

3.73 

3.8 

3.7 

3.85 

3.7 

3.9 

3.7 

3.9 

3.7 

3.9 

3.7 

3.9 

3.7 

3.88 

3.7 

3.8 

3.7 

3.8 

3.7 

3.8 

3.7 

3.8 

3.7 

3.8 

3.7 

3.82 

3.7 

3.88 

3.7 

4.0 

3.7 

4.0 

3. 65 

4.0 

3.68 

4.0 

4.0 

gage  heights  Juno  36,  1890.  t)  Si^ptonibcr  10.  IIKX),  refor  to  1906  dtttum.     Datum  lowered  1.00  foot 
nber  10.  1900. 
rer  frozen  December  26-'ll,  1890. 
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THE   POTOMAC  BIVEB  BASIN. 


Daily  gage  height,  infett,  of  North  Fork  (^Shenandoah  River  near  Riverton,  Ta- 

ContiDued. 


Day. 


Jan.      Fel).     Mar. 


1900.a6 
1 

4.0 

2 

4.0 

3      .   . 

4.0 

4 

4.0 

s:::::::.;.:... 

4.0 

6 

4.0 

1.0 

8 

4.0 

9 

4.0 

10 

4.0 

11 

12      

4.0 
4.0 

13 

4.0 

H 

3.98 

15 

3.92 

16      

3.9 

17 

3.8 

18 

3.8 

19 

3.92 

20 

4.92 

21 

7  3 

22 

5.65 

23 

4.9 

24 

4.55 

25 

26 

4.25 
4.02 

27  .     . 

4.0 

28 

4.0 

29 

4.5 

30 

31 

5.0 
5.0 

lOOI.r 

4 

T) 

3.  72 
3. 75 

3.S 

3.7S 

3.8 

6 

3.K5 

7 

3. 7.') 

8 

9 

3.8 
3.72 

10 

11 

3.7 
4. 1.') 

12 

5.3 

13 

14 

15 

5. 75 
5.  I 
4.85 

I(i 

4.(iK 

17   

IM 

4.4.'> 
4.3 

19 

4.3 

20  

21 

'jrl... .......... 

5. 55 

4.9.') 
4.  ;i5 

'23  .  ... 

4.05 

24 

2.'>       . .     . 

3.9H 
4.0 

2«'. 

27  

3.98 
4.0 

2S 

4.0 

29 
.30 
31. 


5.0 
5.0 
5.0 
5.0 
4.9 

4:5 

4.38 

4.1 

4.0 

3.95 

4.0 

3.98 

4.12 

5.1 

5.2 

4.87 
4.62 
4.42 
4.35 
4.35 

4.25 

4.75 

6.98 

6.3 

5.(» 

5.15 
4.9 

4.8 


3.9.') 
3.92  ' 
3.9    I 


3.HS 

3.8 

3.S 

3.S2 

3.7S 

3.8 

4.0 

3.9S 

3.95 

3.92 

3.85 
3.82 
3. 72 


5.05 
7.86 
6.55 
5.4 
5.1 

4.88 
4.82 
4.75 
4.68 
4.6 

4.5    '. 

4.42 

4.38 

4.35 

4.35 


Apr.     May.  |  June  1  July  '  Aug. 


4.7 
4.58 
4.52  I 
4.48  I 

4.32  < 

4.28  i 
4.25 
4.2 
4.15  I 

4.15  I 
4. 15 
4.15 
4. 15 
4.1     ' 


4.35 

4.1 

4.3 

4.1 

4.25 

4.1 

4.5 

4.2 

6.9.5 

4.5.5 

8.2 

4.6 

6.7 

4.6 

5.9 

5.22 

5.42 

5.4 

5.18 

5.1 

5.0 
5.0 
4.9 
4.9 

4.85 
4.M 


4.75 
4.62 
4.5 
4.42 
4.  .32 


3.8 
3.7S 

3.H 
3.K-) 
3.K') 
3.8 

3.  S'i 

11.2.') 
9. 0.') 
C. .') 
5.  (is 
.').3.=) 

4.  OS 
4.  75 
4.  r.2 
4. 52 
4.2 

4.9 
4.9 

4.9 

4.S2 

4.7 

4. 62 
4. 75 
4. 75 

4..')5 

4..'i 


4..3X 
4.4 

t;.o 

7.  <■».') 
0. 0 

r..  2.*) 

ti.2.') 

5.9 

5.4 


4.8.'-, 
4.7 
4.(i 
7.4.'-) 
12.  (i 

S.3 
r,.  9 
ti.  2.') 
5.  HTt 
7.4 

Ki.a 
12.  4.-> 
8.5     , 

n.K 

6.65  ' 
I 
6. 1     I 
,5.7 
.5.3 
5.1 
.0 


4.25  i 

4.17 ; 

4.15  I 
4.1 
4.05  ! 


4.05 
4.0  I 
3.98  I 
3.95  : 
3.92  I 
I 

3.9    i 

3.9 

3.9 

3.9 

3.9 

3.82  , 
3.8 

3.8  ' 
3.8  ' 
3.8    I 


3.8    ' 

3.8 
3.8 
3.8 
3.8    , 

3.8    I 
3.8 
3.8    , 

3.8 
3.8 
3.75 


4. 1>S 
4.9 

4.8 

4.  72 
4.05 

4.f) 
4.5 
4.42 

5.  15 


.'».  «k'> 
.-..3 

4.S.-> 

4.fiS 
4.0 
4.72 
4.  .V) 
4. 52 

4.  iVy 
7.0.') 
14.7 

8.7 
7.  15 

6.  .55 
6.  ♦« 

7.2 
6.7 


—    ._ 

3.8 

3.9 

3.8 

3.9 

3.8 

3.85 

3.9 

a.  78 

3.88 

3.72 

3.82 

3.72 

3.8 

3.7 

3.8 

3.7 

3.8 

3.68 

3.8 

3.08 

3.75 

3.62 

3.72 

3.02 

3.7 

3.62 

3.72 

3.65 

3.75 

3.02 

3.78 

3.6 

4.45 

3.68 

5.75 

3.62 

5.75 

3.6 

4.98 

3.6 

4.62 

3.62 

4.3 

3.7 

4.2 

3.82 

4.15 

5.28 

4.08 

4.32 

4.0 

4.22 

3.92 
3.9 

4.0    1 
3.92 

3.9    I 

3.9    I 


0.1 
5.  Cv^ 
5.  1.-) 
5.4K 

4.S.-, 


.").  0 
4.7S 
.-..I 
5. 3 
4. «).'. 

12.  I.-. 
II.  I 


•■■■'  I 


4.4.5  1 1     0.2 


4.7 
5.4 
5. 0 


3.82  , 
4.08 

3.8    I 


3.72 

3.65 

3.6 

3.55 

3.52 

3.5 

3.5 

3.55 

3.58 

3.6 

3.6 

3.58 

3.5 

3.5 

3.5 

3.55 
3.6 
3.6 
3.55 
3.55 

3.5 
3.62 
3.6 
3.6 


3.6 

3.55 

3.6 

3.62 

3.6 

3.62 


r    1 


4.<»5 
4.  75 
4.7 
4.7 
4. 5 

4.S  I 
5. 5  I 
4.3 

4.  45 
4.3,') 

4  4 

4.7 
4.7 

0.4 
»i.  \) 

0.  s-J 
7.1 
»i.  4K 
«i.  <»:. 
(i.  1 

5.  :\ 

4.<*5  , 
4.75  , 
4.  .v. 
4..') 

4.3 

4..r> 

4.3 
4.  15 

4.  tM 

4.  r. 


Sept.  .  Oct.    Nov.   Ik. 


3.6 
3.6 
3.62 
3.62 
3.58 

3.6 

3.6 

8.58 

3.6 

3.6 


3.8    I 

3.8 
3.75 
3.7 
3.7 

3.7 

3.78 

3.8 

3.7 

3.7 


4.2 
4.28 
4.1 
4.05  , 
4.05 

4.3 
5.S 
5. 5 
4.8 
4.4.) 

at 

4.7 
4.4 

4.0 
4.  .'kS 

4.;{5 

4.  ,V. 
4.4 

4.  1.". 
4.05 
4.05 
4.2 
4.i'> 

4.  75 

4..*) 

4.  25 

4.3 

4.5 

4.9 


3.7 
3.r..-) 
3.«k5  I 
5.  15 
5.9     I 
I 


17 
172 
17 
175 
17 

17 
17 
17 


165      tfi 


3.6    ! 
3.6 
3.58  I 
3.6 

3.6  ; 

3.7  I 
3.68 
3.65  ' 
3.68  . 
3.6    I 

3.6    I 
3.58  ; 
3.58  > 
3.0 
3.6 

3.6 
3.6 
3.62 
3.72 
3.95 


3.68 

17 

3.65 

16 

3.7 

16 

3.7 

IfiK 

3.7 

165 

3.7 

If. 

3.78 

16 

3.8 

1«2 

3.75 

162 

3.7 

165 

3.7 

17 

3.7 

3.62 

3.7 

16 

3.75 

loS 

3.78 

3.7 

I* 

i« 
i« 


3.85 

3.9 

3.8 

3.75 

3.72 

3.7 


.5.25 

5.55 

5.2 

4.92 

4.75 

4.4 

4.25  I 

\.f\ 

4.05  . 

4.2  i 
4.1  , 
4.02 

4.0  I 
4.0 

4.15 
4.15 
4. 15 
4.1 
4.a5 

3.9,5 

3.88 

,3.88 

3.8 

3.S 


,5.02 

4.65 

4.4 

4.35 

4.3 

4.22 

4.1 

4.15 

4.1 

3.95 

3.95  , 
4.0 
3.95 
3.9 
3.9    I 

3.S2 
3.8 
3.8 
3.8 
3.82 

3.78; 

3.75  1 

.3.7  1 
.3.7 

3.72  I 

3.8    ' 
3.8    I 
3.8 
3.82 
3.82  I 
3.8    ,. 


1 


4.65 
7.0 
5. -25 
5.1i 

4.45 


St.. 
3    " 

S- 

1 
1    . 


3.S 
3..S 
3.S 

,3.8 
3.8 

.3.S 
3..S 
3.8 
3.8 
3.8 

3.7 
3. 0 
3.0 
3.7 
3.7 

3.S 
3.S 
3.S 
3.7 
3.7 

.3.7 
3.S 
3.85 
5. 2.'. 
4.  Vi  , 

4.5 
4.i^ 
4.;r. 
4.  a*) 

4.0 


.1  '^ 

;}.MCr 
4C 
4i- 

4.'^ 

4.r 

iZ" 

<:. 

44 
4.4 

4.i- 

4.4 

10.  t.- 

')  ! 


'Ji 


a  All  gage  heights  June  26,  189).  to  St^ptemhor  10,  1900,  refer  t<>  11XX'>  ilatuin.     Datum  lowen^'l  1.<W^*^' 
SeptemWr  10,  1900. 
r  ftiver  frozen  January  1-14  and  January  .30  to  February  0,  HMK). 
dice  conditioaa  during  part  of  January  and  February,  ISWV,  i\\\it  Irouiivv  U<^»iul»er  21  to  2S.  UWl- 
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J>aily  gage  height,  in  feet,  of  North  Fork  of  Shenandoah  Rivernear  Riverton,  Va. — Ck)nt'd. 


Day. 


Jan.   I  Feb.     Mar.  :  Apr.     May.     June. 


1.  - 
2.. 
3..  . 
4.-  . 

5-  -  . 


7.. 
8.  . 
9. 
10. 


16.. 
17.. 
18. 

19. 
20. 


21. 
22. 
23. 
24. 
25. 

26. 
27. 


30. 
31. 


1-. 
2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8-. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15. 

16. 
17. 
18. 
19. 
30. 


11.-  . 

12.  .. 

13.  .  . 
14... 
15... 


26.. 
27. 
28." 
2d. 
30. 
31. 


1903.6 


21.. 
22.. 
23.. 
24.. 
25. 


7.05 

6.2 

5.75 

5.4 

5.0 

4.9 
4.85 

4.8 
4.7 
4.68 

4.55 
4.5 
4.6 
4.55 
4.6    , 

4.55 
4.48 
4.35 
4.28 
4.2 

4.3 

5.4 

5.15 

4.7o 

4.6 

4.75 

5.0 

6.15 

5.5 

5.05 

4.05 


4.7 
4.8    I 
10.9 
805 
7.15 

6.45 
6.05 
5.75 
5.4 
5.3 

5.26 

6.3 

8.15 

7.9 

7.9 

7.9 
•7.9 
7.35 
5.65 
6.35 


4.9 

4.88 

4.8 

5.2 

5.5 

5.5 
5.5 
5.5 
5.5 
5.5 


5.4 
6.25 

5.2 
5.2    I 
5.15 
5.1 

5.1    ! 

5.35 
6.7 
5.75 
5.35  I 
5.5    ' 


7.0 

5.7 

{t!) 

5.5 

5.6 

5.4 

5.4 

5.55 

5.25 

5.95 

5.1 

0.05 

5.0 

6.  as 

6.8 

7.<i5 

5.5  . 

5.5  i. 

5.5  1. 

5.5  . 

5.5  . 

5.5  . 

5.5  . 

5.5  I. 

5.5  1. 

5.5  . 

5.5 
5.5 
5.5 
5.5 

8.8 


9.0 

7.15 

5.1 

7.15 

6.8 

5.0 

6l5 

6.4 

5.0 

ai 

6.25 

4.95 

5.78 

6.a5 

4.8 

5.6 

5.75 

4.85 

5.65 

5.6 

4.85 

5.95 

5.6 

4.8 

5.95 

5.8 

4.75 

5.75 

5.65 

4.8 

.1. 


5.7    ' 

5.0  I 
5.55 
5.45 
5  4 

5.25 
5.2 
.5. 15 

5.1  I 
5.1 

5.0 
5.75 

io!o 


<i.  75 
«i.  25 
5. 05 
5.  «i5 
0.  25 


5.6 
5.4 
5.3 
9.85 
9.3    ■ 

8.8  ' 
8.0  I 
7.1 

0.  (i     I 

r>.  25 

0.0 
5.75 
5.<i5 
5.5 
5.  45 

5.4 
5.4 
5.3 
5.2 
5.1 


4.75 

4.7 

4.7 

4.7 

4.7 

4.65 

4.6 

4.6 

4.6 

4.55 

4.55 

4.5 

4.5 

4.7 

4.95 

4.75 
4.7 

4.H 
4.7 
4.8 
5. 9 


July. 


Aug. 


9.05 
6.75 
5.95 
6.45 
6.15 

6.2 

a4 

9.95 
7.5 
12.0 

7.5 
6.75 
6.65 
7.0 
6.35 

5.9 
5.55  , 
5.45 
5.2 
5.1 

5.a'> 
4.9 
4.9 
4.9 

4.  So 

5.4 

5.  -25 
5.95 
S.  1 


a3 

5.75 
5.4 
5.25 
5.6 

6.45 
5.5 
5.15 
4.95 
4.85 

4.8 
4.9    ' 
5.4 
6.2 
5.7 

I 
5.2    I 

5.0  ; 

4.85  I 

4.8 
4.7 

4.7 
4.0 
4.0 
4.5 
4.5 

4.4 
4.4 
4.4     I 
4.4 
4.  4.-> 
4.  1 


4.2 

4.2 

4.1 

4.15 

4.2 

4.2 

4.2 

4.25 

4.2 

4.2 

4.2 

4.1 

4.1 

4.15 

4.1 

4.1 


4.45 

4.5 

4.45 

4.6 

5.2 

4.85 

4.7 

4.55 

4.5 

4.4 

4.45 

4.45 

4.4 

4.4 

4.4 

4.4 

4.5 

4.55 

4.5.5 

4.5 

4.4 

4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.2 
4.2 
4.3 
4.:t 


Sept. '   Oct.      Nov. 


4.05 

4.3 

4.05 

4.2 

4.1 

4.2 

4.35 

4.2 

4.1 

4.2 

4.05 

4.0 

4.a5 

4.05 

4.1 

4.05 

4.1 

4.05 

4.0 

4.0 

3.9 
4.0 
4.0 
4.0 
4.0 

4.0 

4.05 

4.05 

4.1 

4.1 

4.1 

4.1 

4.1 

4.15 

4.2 


4.3 
4.6 
4.6 
4.4 
4.4 

4.4 

4.4 

4.35 

4.3 

4.4 

4.65 
4.0 
4.5 
4  4 
4.35 

4.3 
5.0 
0.  25 

5.  ty> 


4.75  I 
4.7 
4.0     , 
4.  (i 
4.0     I 

4.55 
4.4 

4.3 
4.3     ! 
4.  3 


4.2  I 
4.3 

4.2  I 
4.15 
4.1 

4.15 
4.25 
4.3 
4.6 
4.35 

4.3  I 
4.2  1 
4.2  i 
4.2  I 
4.15 

4.1  I 

4.1  I 
4.1 

4.1  I 

4.1  I 

4.1 

4.15 

4.2 

4.2 

4.2 

4.2 


4.3  I 
4.3 
4.3 

4.4  I 
4.25  I 

4.3 
4.4 

4.9    I 

4.95 

4.9 

4.8 
4.  .55 
4.45 
4.0 
4.0 


4.5 

4.2 

4.5 

4.25 

4.5 

4.2 

4.5 

4.2 

4.5 

4.3 

4.4 
4.4 
4.4     i 
4.  .35 
4.3 

4.3 

4.3  ; 

4. 3     ; 
4.3 
4.3 
4.3 


4.1 

4.15 

4.1 

4.15 

4.05 

4.2 
4.2 
4.1 
4.1 
4.1 

4.0 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.36  1 

5.0    I 
6.16 
6.2 
5.1 

5.0    I 


4.3 

4.25 

4.2 

4.3 

4.26 

4.2     I 
4.2 
4.2 
4.2     I 
4.2     I 

4.26 

4.2  , 

4.3  I 
4.3 
4.2 


Dec. 


4.25 

4.2 

4.2 

4.2 

4.2 

4.2 
4.2 
4.2 
4.2 
4.2 


5.45 

5.75 

5.85 

5.9 

5.85 

5.8 

5.65 

5.6 

5.3 

5.15 

6.06 

6.36 

6.26 

6.6 

6.3 

6.86 

8.16 

7.66 

7.1 

5.76 

5.6 

6.46 

5.3 

6.2 

6.0 

4.96 

4.86 

4.9 

5.0 

4.85 

4.7 


4.75 
4.4 

4.3 
4.3 
4.3 

4.3 

4.2 

4.26 

4.2 

4.2 

4.2 
4.3 
4.3 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.5 
4.4 

4.  35 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 


«  Uiv«'r  f ro7/*n  February  4  to  24.  1<K)2. 

ft  Kiv<T  frozen  Janiijiry  12-28.  Docf-mlxT  10  23.  20  ;u.  190:{. 

t  Freshf't  .January  22.  lOfti;  gage  pushccl  out  by  ic*'. 
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THE   POTOMAC   RIVER   BASIN. 


Daily  gage  height,  infect,  of  North  Fork  of  Shenandoah  River  near  Riverton,  Fa.— Cont'd. 


Day. 

1904.0 
1 

Jan. 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 

(ft) 

Feb. 

Mar.  1 

1 

Apr. 

4.88 

5.0 

4.98 

4.88 
4.8 

4.72 

4.72 

4.7 

4.75 

5.1 

5.38 
5.15 
5.0 
4.9 

4.8 

4.72 
4.65 
4.55 
4.58 
4.5 

4.45 

4.48 

4.4 

4.4 

4.35 

4.5 

4.6 

6.0 

7.05 

6.4 

5.  i5 
5. 3 
5.  2 
5!  15 
5.  15 

.5.  r> 

5.  s 

5.  «"k5 
5.  5 
5.4 

5.  25 
5.  3 
5.  25 
5.  15 
5.1 

5. 0.5 
4.  «»S 
4.  \r2 

4.9 
4.9 

4.H 
4.8 
4.  75 
4.7 
4.7 

4.7 
4.7 

i8 
4.8 
4.7 

May.  1 

5.85 

5.7  ' 
5.4 
5.1 
5.05 

5.0 
4.9 
4.9 
4.9 
5.0 

4.95  ' 

4.9    1 
4.8 

4.8  , 
4.75 

4.8 
4.7 
4.7 
4.78  . 
6.  45 

5.7 

5.35 

5.15 

4.95 

4.78 

5.15 
4.95 

4.8 
4.7 
i6 

4.8 

i(i 
4.7 
4.«i 
4.«i 
4.  52 

4.r. 

4.(i 
4.  52 
4.  .55 
4.5 

4.5 
4.5 
4.5 

4.  .V, 

5.  45 

tJ.  15 
5.  Ji.5 
5.  .3,5 
5.  2 
4.  .5.5 

4  Sr2 
4.8 
4.7 
4.  ».2 
4.6 

4.  .5,5 

4.4 

4.5 

4.  42 

4.4 

4.45 

June.  1 

5.65 
5.05 
4.85  " 
4.8    ' 
4.85 

6.05  '. 

a7 

5.3    , 
4.95  , 
4.8 

4.72  ' 
4.6 
4.5    ' 
4.5 
4.4 

145 : 

4.45  , 
4.42  ' 
4.5    ' 
4.75  1 

5.25 
5.3 
4.85 
4.62  ' 
4.45 

4.4 

4.35 

4.4 

4.38 
4.75 

4.6 
.5.  05 
4.K,5 
4.  us 

4.9 
4.  95 

4.  42 
4.  25 
4.  «.5 
4.4 
4.  4 

4.3 
«).  95 

10.  '75 

9.  05 

7.0 
6.  2 
<i.  2 
.5.7 
.5.4 

July.  1 

4.72 
4.5    1 
4.38 

4.3  1 
4.35 

4.?5| 
4.32 
4.35I 
4.4 

a  15  1 

0.82  j 
0.0    , 
5.76  1 
5.1 
4.85^ 

47    . 
4.55  i 

4.55 ; 

4.5    1 
4.7    1 

4.55  ' 

^<  ! 

4.38  ' 
4.35  ; 
4.5    1 

4.5    ' 
4.4 

4.4  1 

4.65  ' 
4.55  I 
4.45  1 

.5.3     i 
5.  45  ' 
.5.25 

5. 05 
.5.  3 

»i.  9 
,5.  75 

•y  3 

.5.  ;r. 

«i.  15 
5.  75 
«>.  9 
7.1 

•j.  1 

5.  2 
.5.  05 
A.\t2 

4.S 

4.  S 

5.  <»5 
.5.4 

5.  15 
4.  «f2 
4.7S 

4.  75 
.5.  Il 

5.  7 

Aug. 

4.3 

4.45 

4.4 

4.5 
4.5 

4.8 

4.5 

4.5 

4.45 

4.38 

14 

135 
135 
13 
12 

13 
12 
122 
12 
122 

12 

12 

13 

135 

12 

125 

12 

12 

11 
11 
115 

5.a5 

18 
UV,5 
4.6 
16 

148 

14 

1.35 

138 

14 

14 
14 

4.  32 
.5.1 
4.7 

.5.  4H 

5.  45 
.5.0 
4.8 
4.7 

4.ti 
4  4 
4.4 

4.  :<5 
.5. 0 

ti.  1 

5.  45 
4.9 
4.  75 
A.u 
4.5 

Sopt. 

11   , 

105 
115 
115 

11  ' 

105 
105  1 
11 
105 
11 

11 

105 

12 

12  ' 

115 
115  1 

11     1 
11 

las  1 

11  1 
10 

10  1 

3.98  ! 
105  1 
105 

14 
14 
4.  35  ' 
13 

138  , 

4.  45  , 
14    1 
14     1 

4.  .^5 1 

13  1 

128! 
13 

13  1 
13 

128  ' 

1.32  1 
4.  ,32  , 

14  1 

i:k  ; 
i;w, 

4. 28 : 

1  25  ' 
4.3 
4.  2 
12 

4.  15 

4.2 

4.2 

4.  2       : 

4.2 

00., 

105 
10    1 
3.95 
10 
11 

11 
10 
105 
10 
10    1 

10 
11 
10    i 
105 
10 

105! 
105, 
105 
10    1 
105  1 

105' 

10  1 

11  ' 
11 
10 

11 

lOi 
105 

tu 

105 

12 

12 

115 

125 

12 

115 
115 
115 
1 15 

ia5 

4.  25 

l,^5 
1-25 
12 
12 

4. 25 
125 
125 
12 
4. 25 

12 

12 

115 

11 

12 

15 
148 
4.  .35 
13 
4.  .32 
142 

Nov.    P«. 

40       iC 
iO       l« 
i05      11 
iO)      il 
iO       41 

i(K      12 
i05      it 

iO       il 
iO       11 

il      lis 

il       it 

i05      i5 
il       45 
il       45 
i05      45 

il    1    i5 
il        i5 
i02      45 
iO       i5 
iO       45 

iO       i\ 

102      i5 

10  455 

10     ^i 

105      if. 

11  ,     if. 

135       i-. 

2                 

3 

4              

,5 

4.7 

4.r.5 

4.7  , 
i\.  2 
6.2    j 

5. 15  ' 

5.0 

4.9 

4.8  , 
4.78 

4.7 

4.7  ; 

4.68 

4.6  , 

... 

4.r>5  ' 

4.75  1 

4.8 

4.8 
4.8 
4.78 

4.7  i 
4.7 
4.78  1 

5.  5 
5.  5 
5.  5 

5.  S 
5.  75 
ti.O 
«i.  4 
7.  «i5  , 

7.  45 
•».  75  , 
•i.  4 
5.  95 
5.  75 

5  »i 
5.  5 
5.4 
5.4 
5.4 

5. 9.-1 

«;.  4 

«i.  5 
«'».  05 
7.  45 

6. 95 

<;.  5 

ti.  2 
5.9 
5.7 
5.  .55 

f) 

8 

9 

10 

11 

12       

13 

14 

15 

Hi 

17  

18 

19 

20 

21  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1005.  «■ 

4.28 
4.2 

5.9 

5.  9 
5.9 

5.  5 
5.  5 
5.  5 
5.  5 

5.  5 

5.  5 
5.  5 

5!  5 
5.  5 
5.  5 

5.  5 
5.  5 
5.  5 
5.  5 
5.  5 

5.  5 
5.  5 
5.  5 
5.5 
5.5 

5.  5 
5.  5 
5.5 

•> 

14        il^ 

3 

13        ii' 

4 

13        i', 

4.  •>       '-^  '^■ 

r. 

1.^5       49 

1.35       4::- 

s 

13         4' 
122       4:^ 

10 

11        

12 

13   

U 

15 

1.Y2       4.n 
13S        44! 

i:t>      it 

1-28        4C 
115        i^' 
4  '22       i-^ 

Hi 

17 

4. 2         4^ 

118        4.W 

is 

U»             

11          4: 
ll.S  '      4'>-' 

20 

21 

12          4^ 

115      :i 

llH         9>' 

23 

4.  75 

5.  5 
5.5 

5.  5 
5.5 
5.  5 
5.5 
5.5 
5.5 

4. 2          '  '•' 

24 

4  •»          h..-> 

2(1 

•>- 

122        •^•^'^ 
4.  IS        * '»'' 

2S 

2<>.  .    . 

M) 

31    

112        if 

a  Kiver  froz«Mi  January  1-23,  an<i  Downilx^r  12  26.  liK)4. 

f>  (Ja^r  n'niovod  January  23.  1904,  toprot<»ct  fn>ni  ici-;  rcplmx'd  .March  5.  1904. 

<"  River  frozen  Jamiary  5  to  March  4,  190.5. 


STREAM   PLOW:   NOETH   FORK   OF   SHENANDOAH. 
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hdght,  in  feet  J  of  North  Fork  of  Shenandoah  Rivet  near  Rirerton,  Va. — Cont'd. 


Jan.  I  Feb. 


5-7 

5.45 

5.4 

8.6 
7.75 


5.3 
5.2 
5.1 
a  5.5 
5.0 


0.83  ,  4.98 
a  2  \a  5. 15 
5. 85  «  5.  f) 
5.  58  a  5. 5 
5.  35   a  5.  25 


5.37 

5.27 

5.25 

5.3 

5.4 

5.48 

5.4 

5.38 

5.33 

5.27 

5.2 

5.1 

5.05 

5.7 

5.9 

5.55 

5.a3 

5.3 

5.37 

5.43 

5.35 


5.45 

4.9 

4.68 

4.6 

4.68 

4.65 
-i  4.8 
4.55 
4.52 
4.6 

4.6 
4.6 
4.6 


Mar.      Apr.     May.  i  June.  |  July.     Aug.  j  Sept.      Oct.  ,  Nov.  I   Dec. 


4.6 
4.53 

4.55 
4.52 
4.58 

4.55 

4.5 

4.75 

6.45 

6.55 

5.9 
6.55 
5.45 
6.35  I 

5.25 ; 

5.15  I 

6.0 

6.0 

5.0  ' 
5.05  I 

5.2    I 

6.45 

5.58 

5.8  I 

5.9  ! 

5.95  I 
6.2 
6.55 
6.45  j 

6.2    I 

6.1  I 
7.5 
9.4    I 
a45  , 
&35 

ai   I 


7.9 
7.1 
6.7 
6.32 

ai 

5.92 
5.76 
5.6 
5.52 

ai 

5.96 
5.75 
5.62 
5.28 
(14 

6.98 

6.4 

6.05 

5.88 

5.7 

5.58 
5.48 
5.4 
5.28 
5.2 

5.2 

7.48 

6.7 

6.15 

5.85 


5. «« 
5.6 
5.4 
5.35 
5.25 

6.32 
6.32 
5.48 
5.45 
5.3 

5.22 

5.2 

5.05 

5.0 

4.9 

4.88 

4.82 

4.8 

4.8 

4.72 

4.62 

4.6 

4.6 

4.55 

4.55 

4.52 
4.52 
6.08 
4.9 
4.76 
4.65 


4.  62 

5.05 
4.88 
4.86 
6.12 
5.62 

5.2 

4.95 

4.82 

4.7 

■ ■ i 

4.58 

' 1 1 

4.52 

1 

4.65 

4.62 

4.66 

;             1 

4.76 

1 

4.62 

4.7 

4.6 

4.6 
4.6 
4.li5 
4.62 

4.6 

1              !              ; 

4.86 

1 ■ 1 

4.78 

1 

4.66 

4.58 

1 

6.05 

1 

5.25 

1 

i         .     '.  _ 

5.5 

1 

5.85 

6.9 

1              ' 

6.65 

1                           i 

6.85 

1              1              1 

7.25 

1 



6.6 

1 

6^8 

1 

6.55 

.       . 

i     * 

5.3 

! 

6.1 

6.2 



5.7 

5.35 

1 

a  Backwater  due  to  ice  conditions  February  4,  7-11.  and  17,  1906. 


iating  tables  for  North  Fork  of  Shenandoah  River  near  Riwriony  Va. 
JUNE  26.  1899,  TO  FEBRUARY  2.%  1902.o 


I 


.  Dischaii^. 


Gag 
heigf 


Second-feet 
I  90 

140 
195 
25;') 
320 
390 
465 
545 
625 
710 


t.    I 


Feel. 
4.50 
4.60 
4.70 
4.80 
4  90 
5.00 
5.10 
5.20 
5.30 


Discharge. 


Second-feet. 

800 

89.') 

I  990 

I  1.090 

j  1.190 

I  1,300 

1,410 

I  1.520 

I  1,640 


Gaee 
height. 

Feet. 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 


Discharge. 


Second- feet 
'  1.7(K) 

:  1,880 

2,000 
I  2, 130 

I  2,260 

I  2,390 

2,520 
2.650 
2,780 


Gage 
height. 

Discharge. 
Second-feet. 

Feet. 

6.30 

2,910 

6.40 

3.050 

6.  .50 

3.190 

6.60 

3,330 

6.70 

3,470 

6.80 

3.610 

6.90 

3,750 

7.00 

3,890 

8.00 

5.380 

lO  is  strictly  applicable  only  for  open-i'hannM  condition.s.  It  is  based  on  six  discharge 
ts  made  during  1899-1901.  It  is  fairly  well  defined  between  gage  heights  3.5  feet  and  6.5  fc»et. 
l)ove  gage  height  8.0  U^X  were  determined  directly  from  the  curve;  no  rating  table  was 
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Rating  tablet  fw  North  Fork  of  Bkmatidoak  iitvcr  imbt  JKverfon,  Vkr-^^idaaui 
AUGUST  Ifi,  igOB.  TO  AUO08T  14  UOM 


ho^. 

iHktiArg^. 

Q9^ 

Ultohuiffa. 

>& 

DUd«^ 

^^. 

DW«. 

Ftet. 
X90 

Sef9ii44m^ 

6,00 

Wmmi^ 

«.10 

1.530 

7,30 

IS*  , 

4.0Q 

in 

&10 

T» 

6.30 

1,610 

7.30 

a,n) 

CIO 
4.30 

330 
3&A 

0Laa 

S.30 

»0 

6.40 

7.40 
7.» 

a 

4X1 

205 

&« 

Ml 

&iO 

I|JW0 

7.«k 

4.40 

340 

A.ao 

1,015 

<L» 

IpiM 

7,» 

t9 

4.50 

3m 

5.00 

l.OiD 

A.  70 

l^H 

7.4) 

'-  iV  ' 

A.m 

*m 

a.  TO 

1.170 

«.«} 

IS 

7.90 

M 

4.  TO 

«A 

&M> 

1.2fiS 

&» 

8.00 

!■  t 

4.W 

530 

A.  90 

l,MO 

7.00 

1               1 

4.00 

AlO 

0,00 

UI90 

7.10 

%m 

AUGUST  16,  1901  TO  JULY  14.  1000.* 


100 

5.10 

S05 

125 

5.30 

A65 

ISS 

5.30 

730 

100 

5.40 

78$ 

Z30 

5.JI0 

nm 

»fi 

5.M 

m 

305 

5.  TO 

l.QOQ 

375 

A.  80 

1,075 

43!l 

5.00 

1,155 

4aD 

fl.DO 

i,afi 

5a5 

tLtO 

1.W 

L 

«.aa 

tt40i 

! 

o^ao 

«^» 

I«0fl0 

( 

€^« 

1,  w# 

5.70 

t,»J« 

«.» 

Kff?0 

OlSO 

3,070 

■{       7.0O 

atiTO 

7.10 

l^m 

7.30 

1» 

7.» 

i;«»  1 

7.10 

1«0 

T.tt 

xm 

t.m 

%m 

7.10 

xm 

7.00 

xm 

7.00 

xm 

a.  00 

a,«o 

a  This  table  la  strictly  applicable  only  for  ooen-chaiiiiel  conditions.  It  Is  bMed  on  four  dlid 
measoremonts  made  during  1902. 1903,  and  the  first  half  of  1904.  It  Is  fklriy  wsU  defined  betmoi 
hiighta  4.2  feot  and  4.8  feet.  Estimates  above  gage  height  8.0  feet  mn  determined  dlieetly  fron 
curve. 

f>  This  table  is  strictly  applicable  only  for  opc^n-channol  conditions.    It  is  based  on  seven  dlael 
measurements  made  during  the  latter  part  of  1904  and  1905-1906.  after  the  dam  had  bisen  raised, 
well  deOned  l)otween  gage  heights  4.0  foot  and  5.5  feet.    Estimates  above  gaoe  height  8.0  feet  were  d 
mimnl  dinx>tly  from  the  curve.    During  August,  1904.  th(>  dam  below  the  station  was  raised  2  feet, 
exact  date  is  unc<>rtain,  so  the  table  is  assumcnl  to  apply  from  August  16, 1904. 


.   Eiftimatcd  motUhly  dischartfe  of  North  Fork  of  ShenandoaK  River  near  Riverton,  Va 

[Drainagi*  area.  l.()4t)  Hquan>  mlles.o] 


Month. 


Discharge  in  !M.icornl-f»K»t. 


I  Maxlnunn.  MininTuni.      Moan. 


Run-off. 


St»C(>nd- 

f(«*'t  jHT 

.squan* 
iiiUo. 


Depth  in 
inches. 


'  Percent 
of  pre-   I 
cipita- 
tlon.    • 


PredpiUt 


In      1/ 
inches. '  in 


1809. 
January 

2.52 

Februarv ' ,■ 

4.95 

Maiih.^::::. ::.-.; ::.::.:.:.:.: :.:.:.: :.:.:. 

5.12 

Anril 1 ' 

1  16 

MSy.;;;::::::::.:.i:::::::::. ::::::::::::.: 

4.95 

Jmn'2ft-30 

307 
481 
390 
355 
225 
545 
3U0 

255 
130 
151 
140 
140 
168 
140 

293 

228 

220 

227  ; 

185 

238 

255 

.282 
.220 
.212 
.219 
.  178  ' 

.2:m  ; 

.244)    ; 

i 

.052 
.254 
.244 
.244 
.•205 
.'257 
.284 

^2.00  . 

July 

10  i 
6 

6 ; 

9  , 
32  , 
21  , 

2  51 

\ugust 

3.94 

Septeml)er 

3.78 

Octol)or 

NovemU'r 

DecemlH»T  c 

2.34  1 

.81 

1.34 

The  year 

35.51 

'"■ :*  ■ 



— 

i;^;;:;:.! 



1 

a  Drainage  area  of  1.040  square  miles  used  to  ol)tain  run-olT  for  19(N):  1,037  u.sed  for  all  other  yea 

b  Precipitation  for  complete  month.  June.  1800. 

c  River  frozen  December  26-31,  1899;  no  correction  made  in  estimates. 


STBEAM   PLOW:   NOBTH   PORK   OF   SHENANDOAH. 
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monthly  discharge  of  North  Fork  of  Shenandoah  River  near  Kirerton,  Va.- 
Continued. 


Dischatige  In  second-feet. 


Run-off. 


Precipitation. 


h. 

Maximum. 

Minimum. 

Moan. 

Second- 
feet  per 
square 
mile. 

Depth  In 
inches. 

Per  cent 
of  pre- 
cipita- 
tion. 

1 
In       Loss  In 
inches.  1  inches. 

i 

2  .*i7             1   7Q 

4.330 

;           1 

702                n.fi77  '.         n.7H0 

30 



3,862  1               355!        1,128!           i.59 
5,700  '               585           1,620  ,            1.56 
1,760                 465             765                .738 
585                 225              324  ;              .312 
2,195                  195               504  !              .486 

1.14 
1.80 
.823 
.360 
.542 
.327 
.142 
.166 
.243 
.474 
.609 

31         3.73          2.59 
48         3.72           1.92 

43  1      1.80          1.07 

15         2.42          2.06 

9  1      5.98  i        5.44 

1,616                  140 

207                   90 

355                  130 

320                  168 

3,890                 140 

2.650                 140 

294  '              .284 
128                .123 
155  1              .149 
219  1             .211 
441                 .425 
548                .528 

9         3.76 

7  1       1.93 
5!      3.14 

8  3.19 
16  '      2.94 
33         1.83 

3.43 

1.79 

2.97 

2.95 

2.46 

1.22 

5,700  1                90 

569                .549  1        7.41 

20 

37.10         29.69 

2, 195                   195 

627  1              .605 

299  !              .288 

1.391  i            1.34 

.698 
.300 
1.54 

1 

30        2.31 
91           .33 
41         3.80 

1.61 



390 
10,960 
21,630 
17,850 
12,680 

207 
195 

.03 
2.26 

603  '        4.034 

3.89    1         4.34 

70         6.24          1.90 

728 

QUO 

2,663 

2.842 

1,499 

862 

684 

396 

363 

3.091 

2.56 

2.74 

1.44 

.831 

2.95 
3.06 
1.66 

51  1      5.82  1        2.87 

41         7.54  1        4.48 

4,030                  .^^ 

38  1       4.38          2.72 

2,260 
2,390 
1,322 
1,580 
14,580 

428 
168 
195 
140 
268 

16  1      5.92  1        4.96 

.660             .736 

.382  1          .440 

.350  1          .390 

2.98    1        3.44 

20  1      3.78  '        3.05 



rear...  . 

64  1         .69  1          .25 
19  I      2.01           1.62 
56  1      6.12          2.68 

21,630                  140 

1.562 

1.50          20.51 

_  ..l 

42       48.94        28.43 

3,960  '               545 
6.660  1            1.090 

1,304 
1,960 

1 
1:26    1        1.45 
1.90    1        1.77 

54          2.fi9  1          1  94 

-2,')d.... 

M.46  1 

3.61 

1 1 

2.23    

1 

1 

2.64  ' 

1 

2.93    .. 

.   .1 

2.17 

31 275  1                 220               243 

.2:*4             .139 
.204             .228 

'2.22 

318                  165  1            211 

440  1               220              259 

800                  190              317 

3,890  i                495           1.228 

Q 

2.50  i        2  36 

.250             .288  1               8 

.30(i             .341  i              11 

1.18             1.36    1              40 

3.65  !        3.36 
3.21  1        2.87 

•ear 

3.38          2.02 

1 

35.78    

1. 

2Hfg  ... 

1 
8,390                  405          2,225 

2  15 

9  94 

^^4.08 

^28 

3.2a5  1               735           1.127 
6,860                  670           1.750 
6.605  1                7;«           1.848 
1,340  1               390              549 
10,360                  580          2.208 
1,840  1               .340              73(') 

1.09     !           .811 
1  60             1.95 

47' 

A3.49 

4  15           2  20 

1.78    ,         1.99                  55 

•      .529             .610                23 

2.13             2.. 38                  31 

3.62           1.63 

2.69  1        J. 08 
7  (V3           5  25 

.710             .819 
..358             .413 
.447             .499 
.3<X)  1           .415 
.25«i             .2«fi 

27 

21 
18 
35 

3.06           2.24 

800  !                255              371 

3.53           3.12 

1.655  1               295              404 
im  1               275  '            .373 
295                  255              '>♦>.'» 

2.42           1.92 

2.39           1.97 
.82               .'v3 

522  j               255 

284 

_    _ 

.274 

..316 

33 

.96 

.64 

,'pttr 

an.  84 

1       .      _-             !          ..  -        . 

^_.^.^_,_ 

-^=rz-=-^^. 

.^._^___,  ^ 

•ozpn  January  1-14  and  January  .30  to  February  6.  1900;  no  correction  made  in  estimates, 
litions  during  part  of  January  and  P'ebruary.  1901;  no  corrwtion  made  in  e.stimates. 
•ozen  Dc^cember  21-28.  1901;  no  corn^ctlon  made  in  estimates, 
•oxen  Feliruary  4-24.  1902;  no  eornxitlon  made  in  estimates, 
atlon  for  complete  months.  February  and  Augu.st.  1902. 

•ozen  January  12-28.  De«'eml)er  U>-Z\,  2(>- 31.  1903;  no  correction  made  in  estimates. 
January  22,  1903.     (fage  pushed  over  by  ice;  discharge  estimated, 
.ation  for  complete  months.  January  and  February.  1903. 
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THE   POTOMAC   RIVER   BASIN. 


Estimated  monthly  discharge  of  North  Fork  of  Shenandoah  Rivrr  near  Riverton.  r<i 

(Continued. 


DiKclmntv  In  flocoiid-feet. 


Run-off. 


I  riwlpiuti 


Month. 


1904. 
January  1-23  «. 

February 

March  5-31 .... 

April 

May 

June 

July 

August 

S<'pt4»mJM'r 

October 

NovomlKT 

l><tvm]R>r« 


Maxhnum.   Minimum. 


2.'>5 


255 


Moan. 


Second- 
feet  per 
square 
mile. 


Depth  in  ^.  „.^ 
'  inchet.  '  dmta- 
'  I     tion. 


Percent  j 
of  pre-         In 
inches. 


i 


255 


0.246 


0.210 


i.nio  ' 

2. 465  ; 

1,840 

2,090 

2.212  ; 

550  , 

1?2 

125 

125 

350 


400, 
318  , 
440 
318  I 
295  I 
1*25  I 

9t'. 

90 
100 

ia5 


661 
718 
606 
554 
256 
124 
110 
112 
225 


.598  I 


.600  \'. 


.637 

.711 

27\ 

2.M 

.602 

.798 

23 

3.43 

.584 

.652 

12 

5.S 

.534, 

.616 

12 

5.94 

.246 

.284 

11 

2.53 

.120  , 

.134 

7 

1.9S 

.106! 

.122 

10 

i.m 

.106 

.120 

13  1 

.95 

.   .217  1 

.250 

10, 

2.4b 

The  year. 


HlOo. 
January  l-7,2.t-aK. 

Fel)riuirv  <" 

March  f  > 

April 

May 

June 

July 

August 

8epteml)t»r 

()ctol>er 

NovemlxT 

DtXH»m»K»r 


1.155  ' 

855; 

2.900  ' 

1.075  I 

l.:i62  ! 

7,450' 

2,270  ' 

1,320  ' 

252 

275! 

230 

5.575 


155 
865 
785 
375 
230 
155 
400 
198 
140 
112 
1'25 
140 


750  1 

.732  I 

855' 

.824  1 

1,335  i 

1.29  1 

506 

.575  1 

406  , 

.392 

1.042 

1.00 

908  , 

.876  1 

417  , 

.402  1 

192  , 

.185,' 

170 

.164  1 

172  , 

Am 

889 

.857  , 

.436 
.858 

1.49 
.642 
.452 

1.12 

1.01 
.464 
.206 
.180 
.185 


Tho  your.. 


190<i. 

January 

Fi'bruary  /. 

March 

.Vpril 

May 

.hin<' 

Jiilv  1-U... 


I 


4.  \m 

720 

5.  Xi) 
3.210 

2.  4.«  , 
l.;W7  , 


27') 
•WV) 
2S^') 
2So 

.*«r) 


i.a-V)  > 

418 
1.421 
1 .  324 

7S7 
523 


.99t; 
.402  I 
1.37  , 
1.27  I 
.524 
.757  I 
.503 


1.15 
.419 
1.58 
1.42 
.604 
.845 
.2<i2 


44! 

1.95 

61  1 

2.44 

37  , 

1.74 

14  1 

3.21 

17  1 

6.54 

16 

6.29 

13 ; 

3.5S 

14  : 

1.50 

6  ' 

2.9i» 

22  1 

.88 

26  , 

3.81 

M.80 

1.26 

»2.flB 


30.91 


I   «I3.39 


38.. 31 


1  Riv«'r  frozon  Juiiimry  1-23.  aiul  TWvmbiT  12-2r>.  1904:  no  cornx'tion  made  in  estiniatfs 

f>  I'ri'cipitjitioii  for  ct)ihph'te  months.  January  ami  March.  1904. 

<■  KivtT  froztMi  January  5  to  .March  4,  H»05;  no  corrt'ction  niaMf  in  estimates. 

d  rnn-ipitation  forconipl<'t<'  month.  January.  Ut05. 

'Kstiniat*'  March  5.  \\)05.  interpolated. 

/  Biu^kwater  due  to  ice  conditions  PVbruary  4.  7-11.  and  17.  I'.RMi;  discharge  corrw-ted. 


WATER-SUPPLY  PAPER  NO.  \9Z  PL.  Ill 


FROM  HARl 


■■■4 

M 
'( 


'i 

i 


i 


STREAM   flow:   SHENANDOAH   BIVEB   BASIN. 
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5CSLLAKEOU8  DI80EASOI  MXASURSMSHTS  DT  KOBTE  FORK  OF  SHEHAKSOAH  RIVSR 

BAsnr. 

["he  following  miscellaneous  discharge  measurements  have  been 
de  in  the  basin  of  North  Fork  of  Shenandoah  River: 

\fUctllaneou8  discharge  measurements  in  North  Fork  of  Shenandoah  River  Basin. 


Dato. 

Stream. 

Locality. 

1895. 
ist  7 

1897. 
.Imt  4 

North  Fork  of  Shen- 
andoah River. 

do 

300  feet  below  dam  at  county 
bridge  and  |  mile  above 
Junction  with  South  Fork 
of  Shenandoah  River,  near 
Riverton,  Va. 

do 

[)n 

Happy  Creek 

200  feet  above  mouth,  near 

>l-T  12 

Cedar  Creek 

Riverton,  Va. 
i  mile  above  mouth,  near 

Strasburg,  Va. 
At  entrance  to  Fort  Valley, 

near  Riverton.  Va. 
Near  highway  bridge,  near 

Riverton  and  on  road  to 

CodarvlUe,  Va. 

•Iht  15 

)Wr  7 

Passage  Creek 

Crooked  Run 

• 

I   Area      Mean  I    -n. 
I  Width,  of  sec-    veloc-  !  ^Cjfl^ 
tion.       ity.      c'^a'ge. 


Feet. 


Square 
i   feet. 
210 


150      I 
3.5  . 


18 


100 
2.1 


16 


Feet 

per  sec. 

1.72 


Second- 

feet. 

302 


1.40 
1.47 

i.m 

2.00 
.58 


140 
1         3.1 


o27 


3.4 


o  Dlflchaige  Increased  by  heavy  rains  of  preceding  night. 
ENANDOAH  RIVER  BASIN  BELOW  NORTH  AND  SOUTH  FORKS. 

SLOPE. 

The  slope  of  the  Shenandoah  and  South  Fork  from  Harpers  Ferry- 
Port  Republic,  Va.,  is  shown  on  PI.  III.     The  following  table  shows 
elevations  above  tide  of  a  number  of  points  on  Shenandoah  River: 

Slope  of  Slienandoah  River. 
[PI.  III.] 


Locality. 


;  Distance 

I     from     I 

mouth. 


pore  Ferry,  junction  with  Potomac. 

s  FaUs 

r  mouth  of  Evitts  Creek 

I<>man8  Ferry 

rys  Ferr>' 

Qutmcc  of  North  and  South  forks 

th  Fork,  neAr  Port  Republic 


Eleva- 
tion 

above 
tide. 


Distance  Fall  I 
l)etween  j  between  , 
points.  '  points. 


I 


Miles, 
0.0 
2.5 
8.0 
18.0 
31.0 
54.0 
1.% 


Feet. 

.\files. 

242 

2.5 

286 

5.5 

326 

10.0 

360 

13.0 

400 

23.0 

a453\ 

i.aw 

96.0 

Feet. 
44 
40 
34 
40 
53 

586 


Fall  per 
per  mile 
f>etween 
points. 

Feet. 
17.6 
7.3 
3.4 
3.1 
2.3 


6.1 


a  Profiles  of  the  Norfolk  and  Western  Railway  give  this  elevation  as  445  feet. 

bhutaitdoah  river  at  xillville,  w.  va. 

The  Millville  station  was  established  April  15,  1895,  by  C.  C.  Babb. 

is  located  about  one-fourth  mile  above  the  Baltimore  and  Ohio 

ilroad  station  at  Millville,  W.  Va.     The  highway  runs  within  a 

'  rods  of  the  stream  at  the  gaging  station.     The  station  is  best 

ched  by  driving  from  Harpers  Ferry,  W.  Va. 

Phe  channel  is  straight  for  several  hundred  feet  above  and  below 
station,  and  the  current  is  swift  and  unobstructed.  Both  banks 
low^  and  liable  to  overflow.     There  is  but  one  channel  at  all 

res.    The  bed  of  the  stream  is  composed  of  mud  and  rocks* 
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POTOMAC 

RIVER   BASIN. 

1 

Daily  gage  height ,  infect,  of  Shenandoah  River  at  MUlvUle 

W.  Fa.— Continued.      1 

Day. 

Jan. 

Feb. 

Mar.     Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1807. « 

i 

1 

1.6 

LI 

as  1  2.1 

•L5 

L6 

Ll 

Ll 

a7 

a5 

a9 

ti 

2 

1.5 

LI 

a  6 

2.1 

L8 

L6 

LO 

LO 

.7 

.5 

.9 

.i 

3 

1.4 
1.4 
1.3 

1.3 

L6 
2.0 
2.2 

2.2 

a6 
a  6 
ae 

ae 

2.0 
2.0 
2.2 

2.4 

9.35 

7.2 

5.2 

4.7 

L5 
L7 
L7 

L9 

LO 
LO 
Ll 

LO 

.9 
.9 
.9 

L5 

.7 

.6 
.6 

.6 

.5 
.5 
.5 

.5 

.9 

Ll 
L4 

Ll 

.'r 

.i 
LO 

L8 

4  . 

5 

f. 

7 

1.3 

a4 

2.3 

a6 

L8 

.8 

.9 

.5 

,35 

.8 

L2 

8 

1.2 
1.2 

as 
ao 

2.4 
2.4 

a2 

2.9 

L7 
Lo 

.8 
.8 

.9 
.9 

.5 
.5 

.35 
.35 

.8 
.7 

Ll 
.9 

9 

10 

LI 

till 

2.8 

2.4 

2.5 

L6 

.8 

.8 

.4 

.36 

.S 

.9 

11 

1.1 

5c4 

2.7 

2.4 

2.4 

L4 

L2 

.4 

.4 

,7 

.S 

12 

1.1 

4.8 

2.6 

2.4 

2.4 

L4 

Ll 

LO 

.4 

.5 

7 

.9 

13 

1.4 

4.1 

2.6 

2.3 

2.5 

L4 

LO 

.9 

.4 

.5 

.5 

.9 

14 

1.4 

ao 

Z8 

2.3 

4.35 

L3 

LO 

.8 

.4 

.5 

.5 

LO 

15 

1.3 

4.7 

2.8 

2.3 

&6 

L3 

L2 

.7 

.4 

.5 

.7 

L7 

16 

1.2 

5.75 

a5 

2.2 

4.9 

L3 

.9 

.7 

.4 

.5 

.65 

2.4 

17 

1.1 

5i9 

a6 

2.2 

a9 

L3 

.9 

.7 

.4 

.5 

11 

18 

LI 

5.3 

a4 

2.1 

a5 

L2 

.9 

.7 

.4 

.45 

.6 

U 

19 

LI 

4.9 

a2 

2.1 

a2 

L2 

.8 

.6 

.4 

.4 

.6 

18 

20 

LI 

4.6 

a2 

2.0 

2.9 

L6 

L9 

.6 

.4 

.4 

.5 

L« 

21 

LI 

4.5 

a6 

L9 

2.6 

L6 

2.6 

.6 

.4 

.45 

.6 

L3 

22 

L2 

&45 

a4 

L8 

2.4 

L4 

2.6 

.6 

.4 

.5 

.6 

LJ 

23 

L2 

iao5 

a3 

L8 

2.3 

L3 

L8 

.6 

.4 

.5 

.6 

L3 

24 

L2 

iao5 

a2 

L7 

2.2 

L2 

L5 

LO 

.6 

.55 

.55 

LJ 

25 

LI 

&7 

ao 

L7 

2.2 

Ll 

L3 

L3 

L2 

.7 

.5 

L3 

26 

LI 

5i5 

Z9 

L6 

2.2 

Ll 

L2 

LO 

.5 

.8 

.5 

10 

27 

LI 

4.6 

2.7 

L5 

L8 

Ll 

Ll 

.9 

.5 

.9 

.8 

L5 

28 

LI 

4.6 

2.5 

L5 

L6 

LO 

L2 

.8 

.5 

.8 

.9 

L6 

29 

LI 



2.4 

L4 

L6 

LO 

L5 

.7 

.4 

.8 

.7 

L5 

30 

LI 

2.1 

L4 

L6 

.9 

L3 

.7 

.4 

.8 

.6 

L2 

31 

LO 

2. 0     

1.6 

Ll 

.8 

.9 

Ll 

lK<»S.h 

] 

L5 

2.1 

1.  1         4.0 

2.3 

1.9 

L2 

2.2 

L5 

.9 

2.8 

•:i 

2 

1.3 

2.  I 

1.1        a  9 

2.2 

L8 

L4 

L5 

.9 

14 

11 

3 

1.  2 

1.8 

1.1       a  2 

2.0 

1.7 

.8 

L2 

L55 

LO 

2.5 

11 

4 

1.4 

1.7 

1.1      ao 

L9 

L6 

.8 

L4 

L5 

LO 

2.7 

i5 

5 

1.0 

1.2 
.9 
1.3 

2.1 

1.0 
1.8 
1.8 

1.0         2.8 

Ll         2.0 
1.0         2. 4 
1. 0     ,     2. 3 

1.7 

1.7 
2.0 
0.3 

L6 

LO 
L4 
L3 

.9 

.9 
.9 
.9 

ae 

8.3 
4.1 
L9 

L4 

L4 
L4 
L4 

L2 

L8 
L5 
L7 

2.1 

2.0 
2.0 

Ly 

Ik 

r> 

8 

9 

.9 

LO 

LO     '     2.2 

8.9 

L2 

.9 

a9 

L3 

1.  ') 

1.9 

.10 

10 

1.1 

1.3 

.9    :    2. 0 

7.4 

Ll 

.9 

(•.6 

1.3 

L4 

1.8 
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1.2 

1.2 

1.15 

1.1 

1.2 


1.15 

1.05 

1.1 

1.25 

1.4 

1.4 
1.7 
1.8 


1.2 

2.2 

2.7 

2.05 

1.7 

1.55 

1.45 

1.3 

1.25 

1.2 

1.2 
1.3 
1.2 
1.2 
1.2 

1.1 
1.3 
2.1 
4.6 
3.1 

2.7 
2.2 
1.8 
1.6 
1.5 

1.4 

1.3 

1.25 

1.2 

1.15 


.6 


.6 
.6 


1.9.') 

1.3 

1.3 

2.3 

1.2 

1.2 

1.95 

1. 15 

1.1 

1.7 

1.1 

1.1 

1.7 

1.6 

1.25 

1.5,)  ! 

1.1 

1.45 

.65  1 

1.4 

.66  i 

1.35 

.5 

1.4 

.5 

1.35 

.6 

1.3 

.6 

1.1 

.9 

1.05 

.9 

1.0 

.8 

1.0 

.75 

.95 

.7 

.9 

.&5 

.9 

.6 

.85 

.65 

.9 

.6 

.8 

.55 

.9 

.5 

.8 

.5 

.75 

.5 

;7 

.5 

.6 

.5 

.55 

.45 

.6 

1.1 
1.1 
1.1 

1.06 
1.05 

1.0 
1.0 
1.8 
2.1 
2.0 

1.8 
1.66 
1.66 
1.6 
1.4 

1.3 

1.3 

1.26 

1.2 

1.2 

1.2 

1.15 

1.1 

1.05 

1.0 

1.0 
1.0 
.06 
.95 
.05 
.05 


.45 
.4 
.4 
.4 
.4 

.4 

.45 

.45 

.4 

.4 

.4 

.5 
.5 
.55 
.5 

.5 
.5 
.5 
.5 
.45 

.6 

.6 

.6 

.65 

.6 


0.9 
.9 
.9 
.0 
.05 

1.0 
.0 
.0 
.9 
.9 

.9 
.9 
.9 
.86 
.86 

.85 
.9 
.9 


.8 
.8 
.8 

.8 

.76 

.7 

.6 

.6 


.45 

.45 

.4 

.6 

.45 

.45 
.45 
.45 
.4 
.4 

.5 

.46 

.5 


.5 

.5 

.5 

.56 

.5 

.5 
.5 
.5 
.6 
.5 


.5    1 

.45 

1.16 

.45 

.45 

1.1 

.4 

.45 

1.3 

.4 

.45 

2.25 

.4 

.45 

1.2 

.4     . 

1.1 

0.7 
.7 
.7 
.66 
.6 

.6 

.6 

.65 

.6 

.8 

.7 
.7 
.7 
.8 
.8 

«1.1 
.6 
.7 


1.1 
1.0 
1.2 
1.4 
1.2 

.8 
.9 
1.0 
.9 
.8 
.8 


.45 

.45 

.6 

.6 

.6 

.55 

.5 

.6 

.5 

.6 

.86 

.6 

.65 

.65 

.76 


1.66 
1.8 
1.65 
.8 

.7 
.7 
.7 
.7 
.8 


ater  from  ice  December  10, 1903.       t  Backwater  from  ice  during  part  of  December,  1904. 
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Dmtif  gage  h^M,  infeetf  qf  Shatandoah  Riva-  ai  MiUmlkf  W.  Fa.—Gantbini 


D*7. 


J«n. 


Fob. 


M«r^ 


Aptr. 


May.  I J  line- 


July. 


Aug. 


tkpt. 


CkA. 


K«i, 


1.. 
a.. 

4.. 

*.. 

a.. 
•.. 

10.. 


IMS. 


11.. 

13-. 
13.. 

la.. 

16.. 

1ft., 

ID. 
20.. 

31. 
24. 

as. 

26. 
37. 
28. 
». 
30. 
SI. 


1. 
S. 

a. 
4. 

5. 

7. 
H. 
U.. 

10. 

11. 
la. 

13. 
14. 

I*. 

17.. 

21. 

25. 

2ft. 
27. 
2S 

a. 
3K 


1006. 


1.0 

.§5 
1.4 
Lfl 

a.  I 
2.  a 

2.5 
2.0 

l.S 

2.0 
2.6 
2.  ft 

2.£ 
3.0 
2.0 
2.0 

1,7 

1.0 
L5 
1.4 
1.3 

i.e 

1.6 

i.a 

L5 

l.B 
t.5 


2,7 

3.2fl 
3.4 

4.6    i 

2.7 
2.45 

2.3    I 
2.15 

2.0 
2.0 
2.0 

2.2 

2.2S 
2.2 

2.1 

2.0 
l.ft 
1.8 
l.« 
3.8 

3.3 


2.1 
2.5 


1.4 
1.2 
L3 
1.3 
1.2 

1.2 
1.2 
1.25 
1.25 
1.3 

1.35 

1.4 
1,26 
1.25 

1.3 

1.55 
1.55 
1.5 
l.fl 

1.65 

1.5 

1.55 

1.0 

2.0 

2.2 
2.0 

3.0 


2.3 
2,11 

2.n   I 

&2.4     I 

2.n 

1.D5 
1.9 
l.S 
l.fl 

].« 

1.75 
1.5    i 
].4ri  I 
1.3 

i.a.'i  I 

1.3     I 
K3 
1.2    I 
1.2 
12    , 

1.3 
1.2 
1.2 
1.2     I 

1.1     I 
I.l     ; 


3,35 

2.75 
2.7 
2.8 
2.8 

a4.1 
2.5 

2.S 

3.7 

4.75 

4.3 

3.3 

3.2 

2.9 

2.  A 

2.4 
2.3 
2.2 
2.1 

2.4 
2.7 
4.0 

a.  4 

3.2 

3.0 
3.2 

2.0 
2.7 
2,5 
2.3 


1.1 

L.I 

2.^ 


3.5 
2.0 
2,."i 
2.3 
2,1 

3.0 
l.D 

1.7 
1.7 

l.S 
1,0 
2.0 
2.7 
2.7 

2.7 
2.0 
3.  iTt 
3,1 
2.0 

2.0 
3.0 
i.8 
4.0 

i.a 

4.G 


3.2 

2.05 

l.S 
LB 

2.0 
2.45 
3.45 
2.3 
3.1 

2.0 
1.96 

La 
I.  a 

1.7 

1,7 

1.65 

1.5 
1.45 

1.4 

1.4 
1.4 
1.35 
1.3 

LS 
1.3 
1.2 
1.3 
1.3 


4.7r, 
4.2 

3.K 
3.4 
3,1 


2.4 
2,45 

2.6 
2.fl 
2.45 
2.3 
3.2 

4.7 
1.2 
3.6 
3.2 
2.U5 


2.5 
2.4 
2.25 
2.1 

2.0 
3.U 
.3.1 

2.  ft 


1.3 

1.15 

LIS 

1.1 

1.1 

l.D 
1.0 
I.O 
.05 

1.0 
1.0 
1.0 
.96 
3.0 

2.0 
3.1 
2.3 
3.1 

t.S 

t.7 
1.5 
1.4 

i.a 

1.3 

1.3 

,9 
1.0 

1.0 
1,0 

1.1 


2.3 

2.2 
2.1 
2.0 
i.05 

1.0 

L.»5 

l.M 

2.) 

2.UI 

1.9    ' 

LR5 

l.« 

1.7 

l.H 

L.-K 

t.4 
I. lit, 
1.46 
1.4 

1,3 
1.35 
1  2 
1.2 
L  15 

1.1 
1.2 
1,3     I 
1.5     I 
1.4 
1*4     , 


1.3 
1.2 
1.5 
1.2 
1.1 

1,0 
l.lfi 
2.0 
1.2 
1.0 

1.0 

1.1 

.0 

.8 
.fl 

,75 

.75 

.7 

.7 

.7 

.0 
3.3 
3.2 

a.  5 

5.9 

4.S 
3.5 
3.0 
3.5 
M 


1.5 
1.5 
hi 
1.3 
1.2 

2.1 
1.3 
1.3 
1.2 
1.65 

i.n 

1,5 
1.2 
1.3 
1.2 

2.n 
2.'i 
2  J 
3.S 
2.1 


L9 
1.75 
1.75 
1.0 

1.6 

l.« 
2.3 
3.1 
3.3 
3.1 

1.9 
2.0 
2.S 

2.0 

3.e 

5.S 
3.3 
3.7 
3.3 
3.0 

1.6 

I.B 
1.8 
3.8 
3.4 

3.3 
1.9 
1.6 
1.4 
1.9 
2.4 


2.0 

l.fl 
1.6 
1,3 


3.1 
1.7 
1.4 
1.3 
1.3 

1.1 
1.1 
1,1 
1.1 
1.05 

1.05 
1.0 
.95 
.95 
I.l 

r.i 

3.3 
2.3 
1.9 
1.0 

L4 
1.3 
1.3 
1.1 
1.1 

1.9 
^1 

I.a 

1.5 
l.ai 
I.l 


l.S 
1,4 

I.a 

1.4 


1.35       2.3 


1.3 
1,3 
1.3 
1,3 
1.4 

1,3 
1.3 
1.3 
1.4 
1.5 


2.7 

1.4 

4.8 

1,3 

.3.7 

1.2 

2.1* 

2,0 

2..'i 

1.6 

3.15 

1.5 

3.4 

1.4 

.1.5 

1.4 

X2!i 

1.4 

2.4 

\,R 

1.3 

2.0 

2.0 
3.0 
3.4 

a.w 

3.9 

3.2 

4,1 

3.35 

4.2 

3.0 
3,4 

3.3 
4.0 
4.5 

4.5 

3.S 
5.4 
4.7 
5.0 
4,2 


1.15 
1.0 

.96 

.9 

1.0 

1.05 
1.0 
1.0 
.9G 

.a  \ 

.a 

.86 
,8 
.8 
.8 

.75 

.8 
.8 
.85 

.8 

.8 
.8 
.8 
.8 
.75 

.6 
.6 
.6 
.55 
.55 


3,5ri 

3.8 
3.7 
2.2 


2.l.'i 

2.5 

3.2 

1.7 
1.55 
1.0 
.     1.5 

-2.3 

2.1 
2.0 
2.2 

2.0 
1.9 
l.S 
1.65 

K.'S 
1.5 
1.45 

1.9 
1,6 


1.25 
1.25 
1.25 
1.35 


3.  a 

3.2 
3.0 
2,8 


0.A 
.55 
.5 
.5 
.5 

:li 

.5 
.5 
*5 

.6 
.55 

.7 
.7 
.7 

.7 
.65 
.65 
.65 
.65 

.6 
.6 
.6 
.6 
.6 

.15 

.8 
.9 
.85 
.85 


1.45 
|.« 
1.4 
1.7 

2.5 

3.5 
3.1 

2.6 
2.3 
2.05 

1.8 

I.a 

l.flO 

1.5 
1.4 


1.5 

1.4 

1.31 

1.4 

1,3 

1.5 

1.35 

4.1 

1.3 

11.3 

1.25 

12. H 

1.2 

a.3 

1.2 

6.5 

1.3    ' 

5.7 

1.1 

4,!) 

i.as 

4.2 

0.7 
.7 

.65 

.as 


.ft'    il 

,«5 

M      It 


2.: 

2.4 
2,3 
2.3 

2.1 
2-05 
2.0 
l.fl 
l.« 

i,a 

1.1 

l.B 

L.7i 

1.T  ' 

l.e 
l,ft 
2.15 


3.«   I 


2.7 
2.2S 
2-15 

2,0 


.§  ,1 

,«  I  J 

.4  .1 

.U  .1 

.11  U 

.4  U 


U 
41 

U 


.1      11 

.6      U 
'    tl 


14 
1.1 

l.S 
L7 

u 

LI 
IJ 
14 
U 
li 

li 
U 
l£ 
U 
14 


ii 

IK     tl 
2*      M 


1  SaokH-aCcr  Uart'h  6. 1905. 


i>liackwat«r  from  Ice  Febniary  4,  lOOfl. 


STREAM   FLOW:  SHENANDOAH  BIVEB. 
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Rating  tables  for  Shenandoah  River  at  MiUvilUf  W.  Va. 
IIL  15,  1895,  TO  FEBRUARY  6,  1897,  AND  MARCH  8,  1904,  TO    DECEMBER  31,  1906.« 


Gage 
height. 

Diwharge. 

F€eL 

DHolurfift. 

i   bfltgSt. 

4.eo 

DbehArfe. 

bS^t. 

26.400 

Feet. 
0.30 

194D 

Stcomd-ftn. 

FttL 
^40 

.•10 

m 

2.40 

3,130 

4.80 

^\bm 

a.eo 

27,700    , 

.50 

MO 

3.W 

a.3ao 

£.00 

lo^aoo 

&80 

29,000 

.m 

mo 

2^m 

3,liD 

^30 

it^oao 

D.OO 

3D, 400 

.70 

eoQ 

^TO 

3,130 

A.  40 

ii.Tsa 

g^ao 

31,800 

.80 

•m 

2.B0 

3.  WO 

5.W 

13.580 

9.40 

33,aoo 

.90 

m> 

2.tl0 

4.  ISO 

5,ao 

13.400 

9.60 

314QO 

1.00 

wo 

S-CO 

4,370    , 

Q.00 

14,340 

9. 80 

30,000 

I.IO 

1,(MI0 

1     a.  10 

4,«0 

ll.ffi 

15. 120 

to.  00 

37.500 

1.20 

i,aoo 

:i.2D 

A.m 

e.4D 

rn-uoo 

n.cQ 

45J00 

1.30 

i.a» 

:».30 

.%080 

fibOO 

]e,v2o 

12,00 

53,100 

1.40 

l,4S0 

1      a.4o 

fi.330 

<kW 

17,84D 

13.00 

A3,7Q0 

1.50 

hsm 

1      xm 

£,S7D 

T.OO 

I8.i00 

14.00 

72,  TW 

i.eo 

hTS.i 

».d) 

5.B30 

7-30 

10, 7» 

IS.00 

83,300 

1.70 

i.j^ 

X70 

0,100 

7. 10 

^,7S0 

10,00 

04,300 

1.80 

2.030 

1        3.80 

0.380 

7,«0 

31,820 

17.00 

to&.ooo 

1.90 

2/m 

xm 

6»tr70 

7.80 

23.l«0 

1S.O0 

118,000 

2.00 

2,aW 

4.  in 

a.«» 

8.00 

^:^ 

19. QU 

130,UOO 

2.10 

xm 

4.30 

7.U0 

g.ao 

20.00 

143.700 

2.20 

2.fSQ 

1        4.40 

s,aoo 

FEBRUARY  10,  1897,  TO  JANUARY  24,  1904.* 


0.30 

470    1 

2.10 

3,770 

4.00 

7.380 

0.80 

18,300 

.30 

520    1 

3.30 

2,000 

1.10 

7.700 

7,00 

19,^!30 

.40 

£00    . 

3,30 

3,lfi0 

4.30 

8,030 

7.30 

30,140 

.50 

OSD 

3.40 

avSso 

4,30 

8,340 

7.40 

21,100 

.60 

im 

3.50 

3,560 

4. 40 

8.e«0 

7.60 

23.000 

.70 

8» 

3,00 

a,  770 

4.50 

«,0QO 

7.80 

23,060 

.m 

WO 

3.70 

3,«eo 

4.tiO 

0.380 

8.00 

24,000 

,m 

1.010 

3.80 

4.310 

4.T0 

0,700 

8.20 

35,100 

1.00 

l,l»  1 

3.W 

4,440 

4.  NO 

10,000 

8.40 

20.200 

1.10 

1.330 

^       3.00 

4,070 

4,00 

10.420 

S.00 

27.300 

1.30 

1,3S0 

1       3,10 

4.010 

*.oo 

10,800 

8.80 

28,500 

1,30 

1,480 

3.30 

5,150 

j.20 

ll.fiOO 

0,00 

29.800 

1.40 

1.630 

3,30 

ft.  400 

.^,40 

13,  ro) 

9.30 

31,200 

1.M 

1.700 

3.40 

s,aQ0 

S.QO 

i3,iao 

0  40 

:£I,700 

1.60 

1.910 

3., 10 

5.910 

^.m 

13,940 

0.60 

34.300 

1.70 

2,070 

3ja 

&,  im 

0.00 

14,780 

9.80 

35.800 

1.80 

2.240 

3.70 

0,460 

ii.ao 

15,640 

10,00 

37,«0 

1.90 

3,410 

1        3,80 

fi.Teo 

0,40 

16.830 

3.00 

3,590 

1        3.90 

7,0110 

0.60 

17,400 

is  table  is  strictly  applicable  only  (or  open-channel  conditions.    It  is  baaed  on  14  discharge  meas- 
nts  made  during  1896  and  1904.    It  is  well  defined  lietween  gage  heights  0.4  feet  and  5.2  feet.    Esti- 

above  5.0  feet  are  based  on  a  discharge  curve  which  is  the  product  of  a  well-defined  area  curve 
r&irly  accurate  extension  of  the  velocity  curve.    The  discharge  curves  189^1906  are  the  same  above 
eight  10.0  feet. 
I  s  table  Is  strictly  applicable  only  for  open-channel  conditions.    It  is  based  on  14  discharge  meas- 

roade  during  1897-1903.    It  is  well  defined  between  gage  heights  0.5  foot  and  5.0  feet.     The 
.zge  curves  1805-1906  are  the  same  above  gage  height,  10.0  feet. 
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E$timaUd  mofMy  dM^arge  €^  Shenandoah  Biver  at  MiUvHU,  W.  Va. 
IDnlnage  area.  3,000  aquare  milet.*] 


DIachaige  In  aecond-feet. 


Month. 


IMS. 

January 

February 

March 

April  15-90... 

May 

June 

July 

August 

September. . . 

October 

November... 
December. . . 


Maximum. 


Minimum. 


.1. 


4.600  I 
20.7m  ■ 
3.130  ! 

7.2M) ; 
i.5(n ' 
1.320  ; 

010 

000  , 

l,4flO  , 


Mean. 


1,870 

2,660  ; 

WO 

wo 

510 
GIO  , 
4H0 
510  , 
010  I 


2. 904 

5.570 

1.613 

1.880 

806 

722 

537 

«21 

754 


The  year.. 


Januar>' 

Februarj'.., 

March 

April 

May 

June , 

July 

August 

September. . 
October*.., 
November. . 
December.. 


11,400  ' 
12,580  ; 
12, 180  I 
8,860  ' 
4,370  I 
3.940  i 
9.030  I 

1.870  ; 

13.100 
130.700 
4,840! 
6,380  ! 


I,4fi0 
l,4flO 
1.4fiO 
1,090 
780 


1,320 
780  I 
540  I 


1.450 


2.434 
3.709 
3.842 
2.807 
2.127 
2.006 
2,858 
1,150 
1,042 
7,768 
1,835 
2.206 


The  year. . 


139.700 


540  '       2.827 


1897. 

January' 

Febniar\'  (25  day  hi 

Maixh 

April 

May 

JlllM» 

July/ 

August 

8<*pteml)er 

()ctolK»r 

Novombor 

DecHnberd 


1.720 
37.870 
U.  7tJ0 
3.3d() 
30.I1J0 
2.410 
3.770 
1.7riO 

I.OIO 
l.fJ2() 
3.  MM) 


980  , 
1.090 

2.r«o 
i.r.20 

1.7U) 
1,010 
910  I 
730 
.SSO  < 
.ViO 
««0  ' 
820 


1.220 

1I,(>80 

4.94I-. 

2.t>71 

»i.243 

l.CstJ 

1.42(i 

987 

<i('>4 

(.92 

8,% 

l.(il9  I 


Run-oif. 


Second-  ', 

feet  per  ,   Depth 

•qoare  in  inchea. 

mile.  I 


I 


0.970  ; 
1.8B  I 
.580' 

.608 

^ao9i 

.241  I 
.179> 
.207  I 
.253  I 


a5r6 

X14 
.601 
.734 
.310 
.260 
.206 
.231 
.290 


.813  I 

1.24 

1.28 
.987 
.710' 
.686! 
.954  ■ 
.384  < 
.348  ; 

2.59 
.613 
.767  1 


Percent 

of  pre- 

clpita- 

tion. 


.987 

1.34 

1.48 

1.05 
.819 
.765  1 

1.10    i 
.443 
.388  \ 

2.99    I 
.684 
.884  I 


.944  . 


12.88 


31 


.407 
a90    , 
1.65 
.892  . 
2.08 
.545 
.  47C»  I 

.222  ' 

'.m  ! 

.287 
..541 


.409 
3.63    ' 
1.90 
.995  ' 
2.40 
.608  < 
.549 
.380  > 
.248  I 
.266  . 
.."GO  , 
.()24  , 


81 

53 

47  . 

19 

13 

27 

25  ! 

10 

12 

18 


PndpiUiuB. 


In 
IndMS. 


of.  is 


&5I.. 

1.34  .. 
2.73  .. 
»1T8  .. 
3.38 

4.14: 

4.44 

1.82, 

.66  I 
1.06 
1.57, 

ao9' 


LU 
ISI 

111 

LB 

3 
.S 
1.31 
1« 


33.451.. 


2.491 

3.78, 

4.25 

1.24 

2.28 

5n 

&21- 
3.20 
7.22 
.48 
4.16 


1.S 
141 

141 

in 

&u 
1% 

3.« 

-.65 


41.25       »3? 


4.41 
'fi.28  ' 
2.34 
1.90 
&13 
3.18 
4  14 
1.41 
1.01 
2.59 
2.59 
3.51 


.44 
.90 
2.73 

as 

l.ffl 

2.S 
•'27 


The  year ' \ I | , 3a  49 


1898. 

Januar>' 

February^.. 

March 

April 

May 

June 

July* 

August  * 

SeptomlHT. . 

October 

NovemlMT. . 
December. . . 


The  year.. 


0.180 
2.770 
5.»»50 

13.120 

29.iriO 
2.410 
3.770 

50,900 
1.835 

30,500 
4.210 

14,780 


50.900 


1.010  . 
1,010 
l.OlO 
2.070 
2.070  ' 
1.120  ' 

820 
1.350  ' 
1.120  ' 
1. 010  ' 
2,070 
2.410  I 


820  I 


2.43;')  I 

i.r.i2  ' 

2.227  I 

4,353 

5,711 

l.«i47  , 

1.249  , 

8,  K^  , 

1.3(i0 

.').084 

2.827 

4.498 

3,481 

-J I. 


.813  I 

.744 

1.4o 
1.91 

..5o0 

.417 
2.73 

.4.>l 
1.90 

.944 
1.50 


.937 

.Hti ; 

.858 
1.G2 
2.20    ' 

.  014 

.481  ' 
3.15    ' 

.500 
2.19    ' 
1.05    ' 
1.73    ' 


31 

75 

23 

61 

42 

21  ' 

11  ' 

41 

26 

31  , 

59 

55 


3.05 
.75 
3.73 
2.«) 
5.21  ; 
2.86 
4.18 
7.73 
1.97 
7.10 
1.79 
3.13 


2.11 
.19 
2.J»7 
l-W 

aoi 

4.91 

74 

1.4J' 


I.  10    I       15,90 


36  ,     44.  !(> 


28.  ^li 


O3.000  square  miles  used  to  obtain  run-off  for  1906;  2,99.'i  usod  (or  all  other  years. 

^  Precipitation  for  complete  month.  April.  1895. 

*•  Estimates  October  1-2.  1896,  approximate. 

d  Ic<»  conditions  during  January  and  IX-cenilwr  24-31, 1897.    No  corriH?tion  made  in  estimates. 

«  Pnvipitation  for  whole  month.  February,  1897. 

/  Estimate  July  11.  1897,  inti*rpolated. 

9  Ice  conditions  during  February,  1898.    No  correction  made  in  estimates. 

*  Estimate  July  2,  1898,  Interpolated. 

i  Gage  height  August  11, 1898,  estimated.    Discharge  approximate. 
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:/  monthly  discharge  of  Shenandoah  River  at  Millville,  W.  Va. — Continued. 


DiAehaiEeJn  «ectfiiid-reet. 

Run-off. 

Pndj)lt»Uaii, 

Majclmum. 

Mtniinum. 

Meftti. 

leet  per 
mite. 

Depth 
iJi  InehcH. 

Per  cent 
of  pre- 

In 
inches. 

±m 

■:fl.l2 

Lie 

4.05 
2.09 
2.51 
3.94 
378 
2.34 
.81 
1.34 

Lou 

of,  in 

I'ft  V ; ; 

17.S40 
7,380 

13.730 
4.010 
4,9tO 
4.tf70 
1,7110 
l^OLO 
L7«) 
010 

4.440 

2,770 
2,070 
4.440 
2.070 

i,m 

1.010 
730 

im 
•m 

6S0 
910 

5,110 
a.(t73 
7.005 
3,380 
2,533 

utm 

S77 
002 

7S5 
1,403 

1.71 
1.23 

3.30 
1. 10 

,m 
.537 : 

.293 
.331 
.330 
.302 

.mi 

.407 

t.97 
,9^0 

3.93 

1,33 
,975 
.590 
.338 
.382 
.368, 
.302 
.522 

.sag 

78 

Q.iiB 

100 
20 
20 
H 
10 
10 
13 
04 
40 

-  .07 
3. 97 
1,49 
2.17 
3.56 
3.41 
2.04 
.29 
-BO 

^r. , .  - . 

S^Lfil 

14.780 
14,3r« 
1G.9W) 
4»tt70 
2»410 
9.000 
4,210 
),3W 
1.2J} 
2,770 
e.020 
10,0W 

U330 
1,350 

2.aeo 

1,835 

1,2W 

1,010 

775 

000 

590 

U50 

730 

1.010 

2,970 
3,&i3 
5,866 
2.803 

2,340 
1,374 

g30 

,           09G 

ft47 

1,4S3 

2,3^ 

,9ai 

1.28 
l.W 
.033 
.564 
.751 
.459 

.2n 

.233 
.310 
.485 
.745 

1.14 

1.33 
2.28 
L04 
.050 

.£» 
.319 
.260 
.354 
.541 
.859 

44 

36 
«l 
55 

27 
14 
U 
17 
8 
11 
IS 
47 

2l57 
3.73 

3,72 
1.89 
3.42 
5.98 
3.76 
1.93 
3.14 
3-19 
3.94 
1.B3 

1.43 

2.40 

1.40 

.86 

1.77 
5.U 
3.^ 

1.61 
2-88 
3.  S3 
2.40 
.97 

ir.,... 

le^goo 

&S0 

3,34fi 

.750 

10.13 

27 

37.10 

:^97 

6,910 
3,iaO 
30,620 
50.000 
45.  d^ 
38,2*0 
U.940 

u,m 

n.940 
0.4no 
3,  MO 

UhOOO 

m 

mo. 
2,m 

2,5ilO 
3,770 
1,2S0 

ijiao 

1.2% 

L130 

010 

1,350 

1312 
U315 
3,37ti 
13,S40 
8,704 
8.235 
4.4;^ 
a,53» 
2.4% 
1,709 
1,341 
S.124 

1          .eo5 

.439 
1.13 

2.91    , 
2.75 
1.48 
LIS 
.S33 
,591 
.448. 
Z71 

.457 
1.30 
4.79 
3.3« 
3.07 
171 
1.3(1 

.9:^ 

.500 
X12 

30 
130 
34 
77 
56 
41 
39 
23 
25 
90 
25 
51 

2,31 
.33 
3.80 
fl24 

7.54 
4.38 
5.92 
X78 
,09 
2.01 
&.12 

1.01 

2.50 
1.45 
2.4fi 
4.47 
2.67 
4.56 
2,85 
.01 
1,51 
3.00 

ir 

;90,noo 

730 

4.S31 

i.m 

21.9ft 

45 

4&94 

3li9d 

31, LOO 

ao.oflo 

77,900 
WJ40 
7.3S0 
1,910 
l.tia* 
2,410 
1,120 
2J*5 

2.240 
1,120 
4,100 
2.900 
1,7W 
IJ30 

77rS 

050 

775 

73U 

2.210 

5.176 
8.1511 
13,880 
#,785 
1        2.000 
1,402 

l,0ti2 
724 

l,l.'i7 
4,72S 

1.73 
2.B8 
4.ff1 
2.27 
.870 

,m 
.ass 

.242 
,357 

1.58 

]  99 
3.00 
5.34 
253 
1.00 
.532 
,422 
409 
.270 
4L2 
431 
1.82 

74 

IF7 
148 

lU 

as 
16 

10 

IS 
10 

11 

13 
51 

zm 

14ft 

afii 

2. 64 

2  93 
2  17 
2  22 
3.59 
3(55 
,      3  21 
3.  its 

.70 

1.40 

—1.73 

-.30 

1.04 
3,41 
1.75 
1.81 
2.32 
3.24 
2.78 
I., -50 

s-cnr. . 

77,000 

k^i 

4.025  1           1,34 

iai5 

51  j    35.T6 

17.03 

tions  during  JaiuiHrv  and  Frbruarv.  1899.    No  correction  made  in  estimates. 

ts  February  12-13.  1S9«).  intorpohite'd. 

tion  for  complete  months.  February  and  March.  1899. 

er  from  ice  February  '>-(),  1900.     Disoharg«'  eornvted. 

ekwater  from  ice  during  part  of  January  and  February,  1901;  no  correction  made  In  estl- 

ind  December  31.  10()1.  river  out  of  banks.  dis<harge  estimated  'jO.OOO  s<x'ond-feet. 

tions  during  part  of  February  HK>2:  no  correction  made  in  estimates.     February  2t'»-27, 1902, 

banks;  diacharge  estimated  50,000  second-feet. 
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Eitimated  monthly  dMcharge  of  Shenandoah  River  at  MiUviUe,  W,  Va, — OootiniML 


DiidUTfld  Ln  Aecond^eet. 

fiOIMlff. 

Mcmth. 

Uutlpuim, 

iClDlmum. 

Uwn, 

BaeoDd- 

Dfiptb 

Per  cent 

,uX-i£ 

27,000 
9,300 

3,fid0 

3i,aoo 

&,£30 
J,fiBO 

ft,aao 

2,770 
1,130 

9,{X70 

73D 

A,  ma 

7,907 

7,880 

f-.SI 
?:S 

2.34» 

1.4M 

WU 

927 

za7 

L82 

3.04 
163 
.776 
140 
1.15 
.831 
.751 
.488 
.321 
.310 

10 
L90 
3L04    , 

.M 

a.  78 

1.33 
OU 
.838 
.MO 

6i 

M 

73 
81 

18 

17 
3fi 

23 
44 

38 

1 

1      lOB 

1      14» 

415 

xm 

1    ^^ 

1      7.83 

xm 

3.53 

±42 

'      2:38 

.82 
.96 

i.i 

11! 

.m 

49 

« 

Febiuttry.. 

U*TCh,.. 

April .,,„..... 

jSy!::.::::::.:... 

juiie. _..,.,. 

Jul¥.„ 

Au^tft *... 

8iepl<^niher . 

Uctutter.,, 

Noveniber 

Dfloemhfra. ....... 

Thcymr 

31.300 

tiSO 

4,037 

Las 

1&22 

47 

aaM 

nti 

1*04. 
January  1  to  24.... 

3.77D 

910 

1.428 

.m 

.« 

*i.n 

1.28 
»3.08 
3.64 
3.43 
8.87 
&04 
3L53 
1.08 
L2D 
.96 
2.40 

FebrujSriTr*,. .. 

Uaichfttoai 

tt.flOO 

7.680 
5.570 

a.  WO 

12,581 

2.030 
8S0 
BtO 
61D 

2,Wfi 

i,5i5 

l.OQO 

i,oai 
i,oeo 
i,m 

575 

510 

4eo 

4W 

510 

2,548 
2,191 
2,7Tft 
2,4» 

i.sao 

t.OM 
030 

521 
838 

.780 

.860 
.928 

.808 

.m 

.174 
.178 
.380 

:7» 

.817 
L07 
.908 

.7« 
.422 

.m 

.«! 
.198 
.8Q0 

April. ..„..»*. 

A 
81 
10 

1? 
}? 

SI 
13 

1  K 

mSv!.. .::::::::::. 

2X 

JyM..o,..«- 

1       It; 

July 

49 

Auguflt 

111 

SeptAmbar 

October 

1.77 
1  40 

NovemljQt. 

75 

iJeewHijerf 

,        114 

Ttioywr,... 

,,, 

saw 

190^ 
JjiTiliiiry . . 

AAS3 
4.370 

;;,2ao 

2,040 
11,400 

ism 

11.4U0 

»w 
ijyo 

1.450 
«:« 
575 
.<^ 
57ft 
lUO 

2, 0(15 
l.tllM 

1.U4.S 
1,.1KJ 

1..W7 
HIO 
tl40 

ihli 
2,3W 

.a§e 

.5fjS 
L46 

,4r.i 
.m 

1,00 
..530 
.270 

:^ 

.780 

,794 

.588 
1.68 
.724 
,531 
,050 
1.15 
.000 
.301 
.247 

.en 

28 
27 
60 
38 
14 
17 
19 
19 
18 
9 
2fi 
24 

2.88 
2.14 
2.44 
1.90 
a,  93 

ajD 

5.98 
,^19 
I.&5 
2  84 
.90 
3.82 

Hdh 

Ffbnuin'......*.  . 

1  M 

Mart^Tid 

zn 

April......... 

1  1^ 

M"y -■- 

Juno............... 

July ., 

AiipiiHt,.,. .... 

SppteinJwr. . ....... 

*>ctnlior. 

NoVf'niJior. .,,.,,.. 
I>0Ci?m1ter. 

340 
4.41 

1,3G 

1        =« 

Thi?3'™r.  . .. 

1.1,820 

Mti 

LB15 

.m 

aao 

n 

37.15 

'      28# 

190l>. 
Jammry 

il.40U 
2,9i0 
9.000 
9,;f70 
2,940 

%m 

2.tt55 
11,7150 

ra.820 

7.W0 

3.030 

Lono 

1,0110 
2.:!8D 
1.090 
1.200 
1.300 
1.320 
l.OBO 
1.4.W 
1.720 
1.460 

3,7ift 
l,fp43 
A.im 
4,4M 

Kso:i 

1,57« 
5,220 
1,l«0 
H,a4Ii 
3.02L 
3. 052 

1.24 

.548 
Lm 
I.IM 

.fl<V5 
.527 
1.74 

.mio 

2.75 
1. 01 

i.oa 

1.43 

.571 
1.50 
1.66 

.093 

um 

.608 
2.01 

.736 
3.17 
1.13 
1.18 

..„__! _. 

Felinjiiryr.. 

Uuroh 

fiS?!::;.:::::::::: 

^  1 

1 

Jync. 

Julv..._ 

-1— 

Au^M. 

Eteptemlicr......... 

OctobiT,. 

No^'i'fnlwr.  ....... 

Decern  l^T 

** 

Tbr  y«&r 

flO,S30 

1.090 

,1430 

1.15 

1&T7 

«  Backwater  December  16,  !903,  dischaiK''  corrected. 

b  Precipitation  for  complete  months.  Januar>'  and  March,  1004. 

e  Backwater  during  part  of  Decemlier,  1904.  discharge  corrected. 

d  Backwater  March  o,  1905:  discharge  corri>cled. 

«  Backwater  February  4, 1906;  discbarge  corrected. 
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The  following  table  gives  the  horsepower,  80  per  cent  efficiency  per 
)t  of  fall,  that  may  be  developed  at  different  rates  of  discharge,  and 
ows  the  number  of  days  on  which  the  flow  and  the  corresponding 
rsepower  w^ere  respectively  less  than  the  amounts  given  in  the  col- 
ons for  "discharge"  and  "horsepower." 

ischarge  and  horsepower  table  for  Shenandoah  River  at  Millville,  W.  Fa.,  for  1895  to 

1906. 


ItOT^ 

Hayj*  0*  defld<*rit  flotr. 

power, 
SOppr 

1 

in 

rent 

)          1 

per  ffKJi 

-tlRBS, 

imtf. 

im. 

1^. 

)Nw.  1  tnrxK  tuoL 

ID02. 

lim. 

1904. 

1905. 

IBOC. 

toll. 

! 

■    — 

49i^ 

iH 
M 
m 

73 

5^ 

m 

i 

24 

9 

GO 

6(tO 

50 

a ;    30 

5 

1 

n<j 

TO 

118 

2« 

(F7 

1X» 

M 

1 

M 

8 

114 

n 

mi 

m 

135 

M 

H5 

7 

n 

m 

11 

^ 

19 

m 

m\ 

9U0 

go 

154 

75 

107 

11 

112 

m 

as 

m 

37 

133 

137 

LJOO 

lOO 

im 

fH 

m 

IK 

141 

m 

55 

112 

m 

147 

1S5 

7 

1,330 

12a 

im 

B» 

17^ 

91 

IfiT 

m 

78 

145 

1^ 

1^ 

im 

3tt 

um 

110 

185 

i:wi 

21Q 

IIH 

1S4 

aQ2 

104 

167 

ns 

215 

3Q«l 

i$5 

hTm 

1^ 

1U2 

lie 

23(> 

143 

IM 

210 

120 

174 

129 

2M 

238 

llfi 

a  April  15  to  December  31,  1895. 

OTE.— The  minimum  flow  during  the  period  covered  by  the  al)ove  table  was  480  second-feot,  giving 
orsepower  per  foot  of  fall,  for  flfteen  days  during  Octolwr  and  Noveml>er,  1904. 

XSCELLAHEOTJS  DI80HAROE  MEASTJREHEHT8  IN  SHElf  AKDOAH  RIVER  BA8IK  BELOW 
NORTH  AND  SOTTTH  FOREB. 

The  following  miscellaneous  discharge  measurements  have  been 
ide  in  the  basin  of  Shenandoah  River  below  the  junction  of  North 
(1  South  forks. 


fiscellaneoiis  discharge  measurements  in  Shenandoah  River  basin  below  North  and 

South  Jorks. 


Date. 


Stream. 


1897. 

^>er7 WappanRun... 

^J€^9 Stonebridge  Run 


3o 

»»pr8 
i>er2 


Locality. 


berl.. 
ber25. 


Near  mouth  near  Linden,  Va , 

Near  Milldale,  Va 

Parker  Greek: I  Near  Millwood.  Va 

Crystal  Run Near  Berry villo,  Va 

Bullskin  Run I  At    Johnson's    factory,    at 

mouth   near    Kabletown, 

W.  Va. 
Evitt  Run At  bridge  near  mouth  near 

Charles  Town.  W.  Va. 
Flowing  Run Near  Millville,  W.  Va 


Width ''^^^*«'l  JiiSc".i    ^^»- 
*^*^^"|section.|  ^fl^     charge. 


Feet. 


I  Square 
I    feet. 
L4 


1894. 
6.... 


Shenandoah  River. 


Harpers  Ferry,  W.  Va. 


13 
7.2 

467 


Feet    Second- 
per  sec.l    feet. 


0.79  I 


.92 
.63 


oil 

63 

4 

C7.S 


12 
4.6 


1,218 


a  Low  discharge;  it  may  be  due  to  storage  of  water  at  dam  above. 
6  stonebridge  Run  and  Crystal  Run  fed  oy  large  springs, 
c  Water  considered  very  low. 
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POTOMAC  RIVER  BASIN  BKI.OW   SHENANDOAH  RIVER. 

POTOMAC  KIVER  AT  POIirT  OF  BOCKS,  KD. 

This  station  was  established  by  C.  C.  Babb  February  17,  1895.  It 
is  located  at  the  steel  highway  bridge  at  Point  of  Rocks,  Md. 

The  channel  is  straight  for  500  feet  above  and  200  feet  below  the 
station.  It  is  1,300  feet  wide,  broken  by  seven  bridge  piers.  Both 
banks  overflow  only  at  extremely  high  water,  and  are  not  wooded.  In 
the  two  right  spans  the  bed  is  composed  of  mud,  and  is  subject  to 
some  change ;  in  the  other  spans  the  bed  is  composed  of  gravel  and 
cobblestones  and  is  permanent.  The  current  does  not  flow  at  right 
angles  with  the  bridge  in  all  of  the  spans. 

Discharge  measurements  are  made  from  the  eight-span  steel  tol 
bridge,  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  left  end  of  the  lower  guard  rail,  0.4  foot  beyond  the  center  of 
the  end  pin,  on  the  downstream  side  of  the  bridge. 

As  originally  placed  the  gage  was  located  in  the  third  span  of  the 
bridge  from  the  left  bank.  The  length  of  the  A\4re  from  the  end  of  the 
weight  to  the  marker  was  48.0  feet.  The  zero  of  the  gage  was  40.9 
feet  below  bench  mark  No.  1,  described  below.  June  18,  1896,  a 
new  wire  gage  was  placed  on  the  lower  side  of  the  first  span  of  the 
bridge.  The  zero  of  the  gage  was  changed  to  41.3  feet  below  bench 
mark  No.  1,  the  wire  length  being  44.19  feet.  During  1896  and  1897 
the  wire  became  rusted  and  broke  frequently;  the  changes  in  wire 
len<i:th  were  not  recorded.  January  25,  1898,  a  new  wire  was  put  in, 
the  length  being  44.22  feet,  and  this  length  has  been  maintained  since 
that  date,  the  datum  elevation  continuing  at  41.3  feet  below  bench 
mark  No.  1. 

During  tlie  period  between  the  measurements  of  April  16  and  July 
29,  1901,  a  large  quantity  of  earth  excavated  from  the  canal  was 
thrown  into  the  river  along  its  left  bank,  changing  the  section  and 
possibly  aiFecting  the  flow  of  the  river.  The  shifting  of  this  material 
necessitat(»(l  moving  the  gage  farther  from  the  shore.  This  was  done 
l)y  the  o]>sorver,  who  attempted  to  install  a  temporary  gage  to  read 
the  same  as  the  old  one.  The  indications  are,  however,  that  the  gage 
was  not  set  to  read  exactly  the  same,  and  the  gage  heights  between 
April  16,  1901,  and  September  2,  1902,  are  somewhat  in  error. 

A  standard  chain  gage  was  installed  at  this  station  September  2. 
1902.  It  is  bolted  to  the  hand  rail  on  the  lower  side  of  the  bridge  on 
the  first  span  from  the  left  hank.  The  length  of  the  chain  is  44.2- 
feet,  tlie  same  length  as  liad  been  previously  used.  In  placing  the 
box,  however,  the  gage  datum  was  lowered  0.45  foot,  making  eleva- 
tion of  the  bench  mark  above  gage  datum  41.75  feet,  instead  of  41.3 
feet.  Th(*  P^^*^'  i"^  read  once  each  day  by  George  II.  Hickman.  Bench 
mark  No.  1,  established  November  16,  1896,  is  a  copper  bolt  in  alargf 
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c^«i.pstone  on  the  lower  wing  wall  of  the  north  abutment,  about  10  feet 
Eirom  the  north  end  of  the  first  iron  truss  and  41.75  feet  above  the 
cMa^tum  of  the  gage. 

^11  estimates  published  in  Progress  Reports  prior  to  1905  have  been 

j^vTsed.     Estimates  do  not  include  the  discharge  of  the  Chesapeake 

id  Ohio  Canal,  which  forms  an  appreciable  percentage  of  the  total 

flo^^  of  the  river  at  low  stages.     Uncertain  length  of  gage  wire  or 

oli.«un  and  ice  conditions  are  the  chief  sources  of  error  at  this  station. 

TCSw^-o  rating  curves  are  necessary  on  account  of  the  change  in  gage 

€l«fc.t;um  made  September  2,  1902.     For  normal  conditioYis  of  flow  and 

€5oxTect  wire  or  chain  length  the  estimates  as  published  below  are 

X>robably  within  5  per  cent  of  the  true  discharge  of  the  river  section. 

Tor  the  period  January  1  to  June  17,  1896,  when  the  gage-height 

records  are  in  doubt,  a  comparison  of  the  Point  of  Rocks  estimates 

'W'as  made^with  the  Cumberland,  Springfield,  and  Millville  estimates. 

This  comparison  seems  to  indicate  that  the  Point  of  Rocks  estimates 

'-    for  this  period  may  be  as  much  as  20  per  cent  too  low. 

During    1897    the   gage- wire   length   was   greatly   in   error.     The 

i^-   proper  correction  to  be  applied  to  the  gage  heights  was  determined 

^   by  the  amount  that  the  discharge  measurements  of  that  year  plotted 

^    above  or  below  the  rating  curve.     A  comparison  of  the  Point  of 

*  Kocks  estimates  with  the  Cumberland  and  Millville  estimates  indi- 
"^  cates  that  the  former  are  well  within  10  per  cent  of  the  true  discharge 
-  •   for  1897. 

It  is  believed  that  estimates  from  April  16  to  December  31, 1901,  can 

^  oe  Considered  within  10  per  cent  of  the  correct  discharge.     Although 

^   ^he  difference  between  the  gage  zero  and  the  datum  plane  was  not 

bio\vn  with  certainty,  it  is  beHeved  to  have  been  very  small,  because 

*'    the   measurements  for  that  period  plot  on  the  first  rating  curve,  and 

•  Deea.iise  the  hydrographer^s  and  the  observer's  gage-height  observa- 
::    tiotis  on  the  dates  of  the  measurements  agree. 

It;  is  believed  that  the  second  rating  curve,  which  is  applied  after 

;    Max-ch  31,  1902,  gives  estimates  correctly  within  10  per  cent  from 

:    June  22  to  September  1,  1902,  because  the  measurement  of  June  22 

\    pJ^t^  on  this  rating  curve  and  the  gage  height  agrees  with  the  observer's 

S*go  height.     There  are  no  data  available,  however,  for  determining 

^"^  exact  date  on  which  the  change  should  be  made  from  the  first  to 

t"^  second  rating  curve.     The  date  was  arbitrarily  chosen  as  April  1, 

1902^  which  is  about  halfway  between  the  measurements  of  December 

2^'     1901,  and  June  22,  1902.     It  should  be  noticed  that  during  the 

two    most  doubtful   months — March  and   April — much  high  water 

^^^^ts,  and  hence  the  })ercentage  error  during  those  months  is  not 

*^^S«.     But  if  the  date  for  changing  rating  tables  was  not  clioson  cor- 

^^^t,ly  there  is  liability  of  errors  from  15  to  40  per  cent  durlvv^  Uv^ 

reiXXaiuder  of  the  doubtful  period. 
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A  suininary  of  the  records  furnishes  the  following  discharge  diti: 
Maximum  discharge  for  twenty-four  hours,  218,700  second-tert; 
minimum  discharge  for  twenty-four  hours,  900  second-feet;  men 
annual  discharge,  1897  to  1906,  inclusiye,  10,575  second-feet;  men 
annual  rainfall  for  eleven  years,  36.21  inches. 

Discharge  me<uuremtnt$  of  Potomac  River  at  Point  rf  Roch,  Md, 


Date. 


IHWV. 


March  25. 

Aprils 

April  13 

April  23 

Mayl 

May? 

May  17 

May  28 

Juiie3 

June  17 

July  10 

NovcmlJerO 


IWG. 

June  23 

August  4 

No\t»nil)er  lf> 


1R97 

Feliruary  9 

lVI»niary  23  f  . . 

Marvh8 

Mait'h  27 

July  23 

()ctoU'r2ft 

April  12 


h^iS^I^-^nfB. 


Fen. 

3.05 
3.42 
4.27 
2.10 
4.35 
3.10 
2.35 
2.45 
1.53 
1.30 
l.SO 
.40 


1.82 
1.86 
1.00 


57.06  j 
fr2l.70 
5.70  I 
4.05  I 

h2.85 
5.20 

55.00 


aecomd-feet. 
'  tO.iSO) 
14,030 
'  17,500 
7.371 
21.070 
12.480 
8,018 
9.18B 
4,536 
4,233 
4.605 
1.202 


1H!W. 


.luiuiarv  SA 
\UKn»t  \\K 
<)rtoU'r:{. 


50 

:«)  , 


January  28. 
Maya)'..... 
S<'pton»U»r  ') 
OotoUT  2l»  . 


1 


.80 
.50  , 


154, 
27. 
17, 
8, 
2, 
20. 


Date. 


i  helgStj*, 


lUD. 

Jane  38 

0ctober2' 

September  19.. 

1901. 

April  16 

July  29 

December  27... 


19(0. 

June  22 

September  2 


Feet. 

1.50 

.aD 


14.  ao 

1.85 
2.89 


*-% 


1.9 

isr 


iii.n 

ii.a 


1SQ8. 

March  13 

April  17 

Do 

April  18 

September  14. . . 
November  9 


July  11 

1905. 

March  13 

June  20 

Octolwrao 

NoviMnln»r9 

....Do 


May:w. 
VioQ.  7.. 


1906. 


I. 


1.SS 
.87 


4.84 
13.70 
13.10 
9.60 
1.50 
1.13 


3.87 


6.56 
1.29 
2.05 
1.20 
1.20 


1.70 
1.76 


2.« 

1,W 


iin 
as 

lit 


u.a 


2.5B 


I 


a  All  guKT'  heights  refer  to  datum  41. .30  f(H>t  )k>]ow  ImmicIi  mark  No.  1,  1895  to  1901, 
feet  lielow  the  same  »)eneh  mark.  IWW  to  IJWii. 
5  (Jage  heieht  iiian'urate. 
<•  Meaflureinent  recomputed.  HJUT). 
d  Measurement  made  r>y  wading. 


Incluslvf,aiidti'^ 


Duicharfjf  mfasurewrnts  of  Chfsnpfake  a7\d  Ohio  Canal  at  Point  of  Rocks,  Md. 


Date. 


height. 


DiBctaxp- 


<)ctot)er  30. 


1W5. 


November  9 a  21.61  ' 


1 

Feet.     ,Secofid-f(f^ 
« 21.51  ^ 


90.1' 


o  Elevation  of  water  surface  of  canal  alM)ve  Potomac  River  gage  datum  determined  wilha  te^^ 
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Jan. 


Feb. 


Mar. 


Ati^.     Sept, 


Oct. 


Not, 


Deo. 


i 

1 

1.6 

1.6 

1.6 

1.6 

1.7 

1.8 

2.0 

2.0 

2.0 

2.1 

2.9 
3.6 

1.3 
1.2 
1.3 
1.4 
1.4 

1.4 
1.3 
1.3 
1.3 
1.3 

1.0 
.8 
.7 
.6 
.5 

.5 
.5 
.4 
.3 
.3 

.3 

.5 

.6 

2.3 

5.1 

4.8 
3.7 
2.9 
2.1 
1.6 
1.4 


i.3 
1.2 
1.3 

1.8 
2.8 

3.5 
7.0 
7.0 
5.0 

3.8 

2.9 
2.8 
2.4 
2.3 
2.7 


.3.9 
3.5 
2.9 
2.3 
1.3 


.9 
1.1  ! 
1.5 


1.4 
13 
1.2 

1.8 


6.1 
9.7 
10.6 
9.6 
7.1 

5.6 
4.8 
4.3 
4.1 
4.1 

4.0 
3.6 
3.6 
3.6 
4.7 

5.9 
8.1 
6.9 
5.4 
4.9 

4.1 
3.8 
3.4 
3.2 
3.0 

2.9 
3.0 
3.8 
3.2 
4.3 
3.5 


3.1 

3,0 
2.0 
3.fl 
3.5 

3.  a 

2.7 
2.6 

10.  s 

7.9 
5.H 
i.S 
3.8 
3.5 

3.4 
3.3 
3.Q 
2.7 

2.4 
2,2 
HI 

2,0 
2.0 

1.8 

2.3 


3.3 
5.0 
S.S 
5.4 
4.i 

3.7 
^A 
3.7 
Z.7 
3.g 

3.S 
2.7 
3,7 
Z.« 
3.0 

2.6 
2.4 
2.3 
3.3 
2.4 

2.3 
2.4 
2.8 
3.8 
3.3 

2.6 
2.5 
2.4 
3.4 
2.2 
3.0 


0.S 
.7 
.6 
.A 
.^ 

LA 
L] 
t  0 
.8 


1.0 
.9 


.11 

1,0 
in 


1.8 
KT 
1.5 
1.4 
1.4 

1.4 

':2 

L3 
1.3 


lis 

1.3 

1.& 

L3 
i.3 
1,1 
K1 
1.0 

.0 
KO 
1.0 
.9 
.i 

1.3 
2.1 
I.A 
L5 


I 


1.1 
.8 
.A 
.5 
.1 

.2 
.A 
.A 
l.fi 
2.0 

3.2 
1.7 
1.4 
l.l 
1.0 

1.1 
1.2 
3.4 
3.2 
3.7 

2.2 
l-« 
LB 

1,0 

1.1 
1,0 
2.T 
2  0 
1.^ 


2.0 
2.7 
3.3 
2.t 
1.0 

1.7 
1.* 
1.5 
1.7 
LA 

1.3 
L5 
1.3 
L2 
LI 

1.0 
1.0 
LO 
LI 
LO 

LO 
LO 
1.1 
.0 
.0 

1.0 
L2 
1.3 
1.3 
1.1 
l.l 


L8 
L4 
1.3 
LI 
1.0 

Lj 
L3 
LA 
l.« 
2.5 

4,0 
3.H 
2,7 
2.3 
2.3 

LH 
1.5 
L4 
1.4 
1.3 

L2 

l.l 
L2 
Li> 
3.3 

8.7 
*L0 

2  7 
2^8  • 
2.4  I 


LO 

.8 
.8 
.9 


LI 
LO 

.9 
.8 
.8 
.7 
.7 

.« 
.A 
,6 
.A 
,A 

.A 
*5 
.5 
.5 

--*] 

.4 
.4 
.4 
,4 
.5 
.A 


2.0 
3,3 

3.5 
3.0 

LS 

L6 
l.'l 
L2 
1.1 
1.2 

LI 
LO 
LO 
LI 
LI 

LI 

L2 

LO 

.8 

-7 


OlA 
,7 

,7 
.A 


.A  ; 

.5] 

.5 

.A 

.5 

.5 
.5 

.£ 
.4 
.1 

.ft 
.5 

A 
A 

.5 
.5 

A 

A  \ 

.3  j 

.3  J 


.5 
.5 
.4 
A 
A 

.5 
.3 
.3 
.3 
.3 

.4 

,3 
.3 
.3 
.3 

.« 
.5 
.4 
A 

.7 

A 

.5 
A 

A 
.3 

A 
A 
-3 
.4 


fli3 
.3 
,3 
.3 
.3 

.3 

.3 
.3 
.3 

.3 

.3 
.4 
.2 

.2 
.3 

,3 
.3 
.3 

.3 
.3 

,a 

,2 
.2 
.3 
.3 

.3 
.3 
.1 
.3 
.3 
.3 


3L«ft 

13.05 

ft.  a 

4.0 
3.0 

2.4 

2A 
LR 
L5 
L3 

L2 
LI 
1.1 
LO 
LO 

LO 
1.0 
LO 
,9 

.8 


0.4 
\i 

.3  1 

.3 

.3 

A 

.3 
.3 
A 
A 

A 

.5 
.4 
A 
A 

A 
A 
A 

A 
A 

A 
A 
A 
A 
A 

A 
A 
.5 
.5 
.4 


.8 
.8 
7 
,7 
.8 

A.0  ' 
A.O  ! 
5.1 
3.JH 
3,0 

2.il 
2,2 
L9 
1,7 
1.5 

L5 
1.4 
1,3 

1.2, 
l^J  I 

LO 
LO 
]  0| 
LO 
0 


.0 

.0 

LO 

.0 

.9 

1.0 

.0 

LO 

.8 

1 .2 

.9 

0.4 
.6 
.5 
.5 
.5 


.8 
.5 
.5 

.5 
.5 
.6 
Lft 
.0 


A 

A 
.3 
.3 

.3 

.6 
L3 
L3 

L2 
1.3 
L4 

,9 
.9 
1.3 


2.0 
3.0 
2,8 
2.3 
2,0 

t.8 
L7 
1,7 

LA 
1.5 

L7 
1.7 
LA 
1.5 
L4 

L3 
L2 
LI 
LO 
LO 

LO 
1.0 
1.0 
LO 


LI 
10 

.7 
J 

.0 


Gage  heights  January  1  to  .Juno  17,  18%.  approximate.    Sc<'  Introduction,  page  31. 
3ce  description  of  station  in  regard  to  datum  of  gage. 


1 


152 
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Daily  gage  height,  infiet,  of  PoionuK  River  at  Point  of  Roei»,  !«.— CbntboBt 


1. 

2. 
3. 
4. 
6. 

ft. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 


2fi. 
27. 
28.. 
29. 
30. 
31. 


8. 
9. 
10. 


D*y. 


1807.« 


21.. 
22.. 

25.. 


11... 
V2.. 

14.. 
15. . 


Hi. 

]f<. 
19. 
•JO. 


21. 
22. 
23. 
24. 
25. 


2ri. 


2H  .. 
2U 

31... 


Jan. 

¥tK 

Ukt.  ' 

Apr. 

ll*y. 

JtXDf. 

JiUj. 

Atlg. 

S«pl. 

oc. 

m.  tft 

O.A 

2.0 

a.a 

2.3  '• 

1.7 

2,0 

1.3 

1.5 

1.0 

1 
0.7 

f.;    u 

.8 

J.fl 

4.4 

2.3 

l.ft 

1.0 

1.2 

1.4 

.0 

.7 

.*    J 

.8 

2.5 

4.2 

2.1 

fl.5 

l.B 

1.3 

1.3 

.» 

.7 

1.0      1 

.ft 

2.0 

4.1 

2.1 

14.0 

1.0 

1.3 

1.3 

.V 

.7 

1.1     u 

.0 

3.1, 

4.0 

2.2 

H.5 

2.0 

1.3 

1.3 

.9 

.7 

l.O     u 

1.0 

5.1  ' 

5.4  > 

2.5 

0.0 

2.0 

1.3 

1.0 

.0 

A 

M   li 

1.4 

s,o 

fl.Q! 

2,8 

5.4 

1.9 

1.3 

1.3 

.« 

M 

Jf   u 

1.7 

10.5  1 

a.g' 

3.0 

4.6 

2.0 

1.3 

1.3 

.i 

.A 

*  " 

1.5 

7.11 

5.0 

2.0 

4.0 

2.0 

LI 

1.3 

.8 

.S 

.5      !4 

1.3 

£.S 

4.5 

17 

3.5 

l.fi 

1.0 

1.3, 

.B 

.« 

.SI    IS 

l.l 

4.0  ■ 

i.a  > 

5.7 

3.2 

1.7 

1.4 

1.4 

.7 

.7 

.71    li 

1.1 

4.0 

4.0' 

4.ti 

3.0 

1.7 

1.3 

1.3 

.7 

.i 

u\  u 

M 

n.» 

3.0 

3.ft 

3.3 

l.« 

1.3 

1,3 

.7 

.« 

.r  « 

.fl 

4.6 

3.7  ' 

3.5 

6.0 

1.0 

1.4 

1.3 

.6 

.7 

'*    \ 

.0 

5.7 

3.T  , 

3.3 

12.6 

1.7 

1.4 

1.3 

.« 

.7 

S      Li 

1.0 

7.a, 

3.H 

a.i 

B.0 

I.T 

1.5 

1.3 

.7 

.0, 

.i      il 

,9 

7.4 

4.2 

3.0 

5.0 

1.0 

1.3 

1.3 

.7 

.« 

^'1       H 

,9 

T.7  ' 

4.4 

■^■»j 

4.4 

1.4 

1.1 

1.3 

.i 

.fi 

*    H 

,ft 

T.O  ' 

4.7  ^ 

3.**-l 

4.1 

1.7 

1.4 

1.1 

.7 

■fi. 

.7      M 

1.5 

7.2  '■ 

5.3  ' 

2.G 

3.0 

LT 

1.4 

1.1 

.7 

.i, 

.7      « 

L5 

A.  4  ' 

0,2  ' 

2.5  1 

3.5 

a.i 

3,1 

1.1 

.7 

.e' 

.Bl    H 

L4 

<V.7 

0.0 

2,3  1 

3.2 

2.0 

2.0 

t.l 

.7 

'7i 

.%      \\ 

1.4 

21.2 

5.5 

2.2  1 

2.0 

1.8 

2.7 

1.1 

.8 

'« 

■^        -*! 

1.4 

24.0  1 

4.H  ' 

2.1  1 

2.8 

1.7 

2.1 

1.2 

1.0 

.0' 

a\ 

1.5 

HkJ*' 

I.T; 

2.1  ' 

2.0 

1.0 

1.0 

Ul 

.a 

.7, 

.V    I-' 

1,» 

40 

2.0  I 

3.0 

1.0 

1.0 

1.6 

,i 

,7' 

.4 

11 
li 
IJ 
1.1 
1.1 
1.1 

2.0 

7.3 

4.1 

1.0  ' 

2.8 

1.0 

2.1 

1.3 

.9 

.1  . 

.1 

2.3 

ft.O 

a,8 

Lft  , 

2.5 

1.9 

2,3 

1,3 

.9 

.8 

.0 

2.2 

:i.|l 
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1.8 

1.5 
1.5 
1.5 
1.6 
1.6 

1.6 
1.7 
1.6 
1.6 
1.6 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
2.0 
4.0 
5.2 
7.4 


4.1 
3.7  I 

3.7  I 
3.9  ; 
3.9 

4.0  I 

6.8  ' 
7.4  . 
6.0 
4.9 

4.5 
4.2 
4.1 
3.8 
4.2 

4.4 
4.5 
5.4 


3.0 
2.9 
2.9  I 
3.3 

4.8  I 

4.9 
4.9 
3.3 
3.5 
5.7 

5.0 
3.9 
3.6 
3.5 
3.4 

3.8 
3.8 
3.9 
3.9 
3.8 

3.8 
4.5 
5.6  I 
6.0  i 
6.6 


5.1 

6.6 

3.6 

7.6 

3.3 

6.6 

3.2 

6.0 

ao 

3.0 

5.4 
5.0 
4.6  ' 
4.3 

4.0 ; 

3.8 
3.6 
3.4 
3.2 
3.1 

3.0  i 

3.1  I 
5.1 
7.0 

12.1 

8.6 
6.6 
5.3 
4.7 
4.5 
5.1 


5.3 : 

4.4 

4.0 
3.8 
4.0 

4.2  ; 

4.5 

5.0 

4.8 

5.4  I 

4.5 ; 

3.8  I 
3.3 

2.8  ! 
2.6 

2.4 
2.4 
2.2 
2.1 
2.2 

2.3 
2.4 
2.5 
2.7 
3.7 

3.4 
3.0 
2.8 
2.H 
2  5 
2.4 


5.6 

2.3 

5.4 

2.3 

5.3 

2.2 

5.6 

2.1 

14.4 

2.1 

15.1 

2.0 

14.0 

2.0 

10.4 

1.9 

7.8 

1.9 

0.7 

1.9 

5.5 
5.0 
4.5 
4.1 
3.8 

3.6 
3.5 
3.4 
3.2 
3.1 


2.4 

2.6  ; 

3.0  I 
3.5 
3.1 

3.5  I 
3.0 
2.4 
2.3 

2.3  I 

2.6 

3.1  , 

2.8  I 

2.6 

2.5 

2.2 
2.1 
2.1 
2.0 
1.9 

1.9 
1.8 
1.7 
1.7 
1.6 

1.5 
1.6 
2.0 

3.7  ' 
6.3  I 


1.8 
1.8 
1.8 
1.9 
2.0 

2.0 
2.;  , 
2.3  ' 
2.4 


5.6 
4.0 
3.6 
3.0 

2.8 

2.6  i 

2.5 

2.8 

2.7 

2.6 

2.5 
2.5 
2.4 
2.3 

2.2 


6.5 
5.1 
5.3 
6.0 
5.6  i 

4.5 
4.0 
3.6 
3.2 
3.0 

2.8 
2.6 
2.4 
2.6  , 

3.3  I 

3.6 
3.2 


2.6       12.2  i 
2.8    


2.1 
2.2  1 
2.3 
3.1 

6. 2 
4.7 
4.0. 
3.6  I 
3.1 

2.8 

IW 

2.3  I 
2.2 

2.4  '. 


6.7 
7.8 
5.2 
4.6 
4.1 

5.0 
4.4 
4.0 
3.6 
3.2 

2.8 
2.6  ' 
2.5 
2.4 


2.1 
2.0 
1.8 
1.6 


3.0 
2.8 
2.5 


1.5  ■ 
1.4 


3.0 
3.5 
5.6 
3.9 
3.5 

3.2 
3.0 

2.8 
2.8  ■ 

3.1  ; 

2.8 
2.5 
2.3 
2.1 
2.0 

2.0 
1.9 
1.9 
1.8 
2.0 
1.8 


1.4 
1.3 
1.3 
1.3 

1.2 

1.5 
1.5 
1.6 
1.6 
1.7 

2.9 
2.6 
3.4 
3.1 
3.0 

2.8 
2.4  '■ 
2.0 
1.8 
1.6 

1.4 
1.4 
1.3 
1.3 
1.3 

1.4  1 

1.4 

1.4 

1.5 

1.5 

1.5 


Aug. 


1.7 

1.6  I 

1.7  . 

1.8  1 

1.9  I 
2.3 
2.3 
2.2 
2.0 

2.9 
2.8 
2.5 
2.3 
2.0 

2.0 
1.9 
1.8 
1.8 


1.7 
1.6 
1.6 
1.5 
1.4 

1.3 
1.3 
1.5 
2.1 
2.5  I 
2.1    . 


1.4 
1.3 
1.2 
l!2 
1.2 

1.2 
1.3 
1.4 
1.5 
1.4 

1.3 
1.3 
1.2 
1.2 
1.1 

1.1 
1.1 
I.O 
1.0 
1.0 

1.6, 

.9 

.9 
1.0 
1.0 

1.2 
1.1 
1.1 
1.0 
1.0 


Sept.  I  Oct.     Nov.  I  Deo. 


2.0 
2.1 
2.2 
2.1 

2.0  I 

1.9  , 

1.8 

1.7 

1.6 

1.5 

1.5 
1.4 
1.4 
1.5 
1.5  ' 


2.4 
2.0 
1.9 
1.7 
1.6  ! 

1.3  ' 
1.3 
1.2 
1.2 


.9 

.8 
.8 
.8 


1.0 
.9  ; 
.8 
.7 

.7 


.8  i 

1.0  i 

.9 

.9  ! 

1.0  ' 
1.0 

.9  j 
.8  I 


.8 
1.0 

.9  ; 

.8 
.8  , 


1.2  ' 

1.1 

1.1 

1.1 

1.0 

1.0 
1.0 
1.1 
2.3 
2.0 

1.9 
1.8 
1.8 
1.7 
1.7 


1.4  ■ 

1.6 

1.5 

1.5 

2.6  . 

1.5 

4.5  ! 

1.5 

2.9 

1.6 

1.6 
1.5 
1.5 
1.4 
1.4 

1.3 
1.3 

1.2  i 

1.2 
1.1  I 
1.1  '. 


1.0 
.9 

■.V\ 

:'! 

.7  1 
.6  : 


1.1 
1.1 
1.0 
1.0 
1.0 

1.0 
1.0 

1.1 
1.1 
1.1 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.1  ' 

1:1  i 

1.1 

1.1  i 
1.1 
1.1 ' 

1.2 
1.1 


1.1 
1.1 
1.1 
1.1 
1.1 

1.1 
1.1 
1.1 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 

1.1 

1.2 
1.7 
1.5 
1.4 
1.5 

1.6 
1.7 
1.7 
1.6 
1.6 


1.0 

1.0 

1.0 

1.6 

1.3 

1.6 

1.1 

1.7 

1.1 

1.7 

.... 

1.6 

.8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.9 

.9 
.9 
.9 
.9 
.9 

.9 
.9 
.9 
.9 
1.0 

1.0 
1.0 
1.0 
1.0 
1.1 

1.4 
1.5 
1.8 
1.8 
1.9 
2.0 


a  Ice  conditions  DocomlHT  17  to  31.  IIKW. 

b  Ice  conditions  daring  part  of  January  and  February, 


1904. 
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THE   POTOMAC   BIVEB   BASIK. 


Daily  gage  height,  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Jfa.— Continued. 


1. 

2. 
3. 
4. 
5. 

ft. 
7. 
8. 
9 
10. 

11. 
12. 
13. 
14. 
15. 

Itt. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

2«. 
27. 
28. 
29. 
30. 
31. 


Ki. 
17. 
IS. 
11>. 
2(). 


23. 
24. 


2S. 
21». 
30. 
31. 


Day. 


1905. 


3.... 
4.... 


8. 
9. 
10. 


11.... 
12.... 
13.... 
14.... 
15.... 


I  I  I 

Jan.      Feb.  i  Mar.  I  Apr.  ;  May.    June. 


2.0 
2.4 
2.5 
2.8 
3.0 

3.2 
4.4 

4.6 
4.0 
3.4 

3.0  ' 
2.8 
2.6  I 

2.5  I 
2.5 

2.9 
3.8  ' 
3.2 

2.8  1 

2.6  ! 

2  6  I 

2.7 

2.8 

2.4  I 

2.1  I 

•19, 

0  3.0 
2.6  I 
2.6    . 
2  5    . 

2.5  I. 


at) 

3.4 

a  3 
a: 

JvO 

H.  li 
7.0 
4.8 
4.0 

3.  ') 

a  1 

2.  \) 
2.  8 

ao 
a  3 

a<i 
a  7 

4.  1 

ai» 
a5 

a  4 
a  3 
a  2 
a  1 
tv.a')  1 


5.1 

4.2 

a«i 

a  4 

a  2 

ai 

2.4  , 
2.4 
2.3 
2.2 

^2, 

2.2 
2.2  I 

2.1  I 
2.1 
2.0  ' 

2.0  I 
2.0  I 
2.0 
2.0 
2.0 

2.0 
2.11 
2  1 
2  1 
2.2, 

2  2 
2  2  I 

2.2  ' 
2.2 

"I 

2.3 

2.3  I 

2.4  I 


2.4! 

2,5 

2.6  I 

2.8  I 
3.4 

4.0  i 
4.4 

5.1 

6.0  1. 

6.4  I 

11.0  I 

10.1  ' 

6.9  , 
6.0 
5.9  ' 

5.5  : 
5.0  ' 

45! 

5.0  ! 
I 
5.9  , 
7.5 

a4 1 

6.7  i 

5.8  ' 

6.9 
5.9 
5  2  I 
4.6 1 
4.0 

3  6. 


ao| 
2.  <>  1 


i.i» 
1.8 
I 
1.8 
i.'.j 
1.8 
1.8  ' 
i.<j  . 

1.8 
1.7 

i.»i 
i.(j 

1.7 
1.8 
i.i» 
2.0 
2. 0 

1.9 

l.S 
2.  0 


1.9 
1.8     • 
1.8 
2.0 
4.0 

:».  45 
4..-) 

ao 
ao 


2.  3 
2.  3 


a  1 
a  4 
a<> 
a  i» 

a<» 
a  7 
7.8 
12.  <♦ 
10.0 
10.  «j 


3.2 
3.0 
2,7 
2.5 
2.6 


2.8 
3.0 
3.0  ; 
2.9 

2.8  I 

2.8  ' 

2.9  , 
2.8 

2.6  I 
I 

2.4 ; 
2.3 1 
2.2 1 
2.1 1 
2.0  i 

2,0' 

1.9 
1.9 1 

1 9 1 

1.9  ! 

I 

1.8  , 
1.8  I 

1.7  I 
1.7  > 
1.7  I 


11.  I 
\).  0 


I 


a  1 
4.,') 

4.  1 

a  ti 
a  3 
a  1 


1.6  ■ 

1.6  i 

1.6  i 

1.5  ! 

1.6  , 

1.5  ; 

1.4 

1.4  I 

1.4 

1.4 


1.5 
1.4 
1.4 
1.4 
1.3 

1.3 
1.5 
1.6 
1.9 
2.0 


2.3 
•2.2 
2  2 
2.0  I 

1.8 

17 
1  6 

li'i 

14 
1.3 


a  3 
ai  : 


2.4 
1 3  I 


2. 1 

i[^ 

i.*» 
1.8 

1.1. 
1.0 
1.0 
1.4 
1..*) 

1.4 
1.3 
1.0 
1.9 
1.7 
1.7 


July. 

Au,. 

sept. 

Oct. 

2.1 

2.9 

2  2  ! 

1.0 

1.8 

2.7 

2.0  ' 

1.0 

1.6 

2.4 

1.8 

1.0 

1.5 

2.2 

1.7 

1.0 

3.0 

2.0 

1.6 

1.0 

3.5 

1.8 

1.5 

1.0 

4.0 

1.6 

1.5 

1.0 

4.5 

1.5 

1.4 

1.0 

1.3  I 
1.5  I 

2.5  I 

3.6  I 
5.2  I 

T.oi 
5.0  I 
3.6  ! 

ao 

2.6 


1.8 
1.7 
1.7 
l.(i 


1.  •.» 
1.7 
2.4 

ao 


4.3 

3.  r, 
a  1 


2.4 
2.3 
a  1 
ao 


4.0 
3.6  : 


1.4  ' 

1.9 

2.8 

1.4 

1.9  1 

2.3 

1.4  , 

2.3  1 

3.2 

1.4  ! 

2.2  , 

4.1 

3.0 

2.0 

5.0 

2.8  ; 

2.0  1 

5.4 

2.7 

1.9  , 

4.2 

2.6  , 

1.8 

4.0 

2.5  1 

1.6  i 

a6 

2.4 

1.4    ; 

3.3 

3.0 
2.8 
2.6 
4.0 
3.5 

3.0 
2.6 
2.3 
2.0 
1.8 
25 


1.9 
2.0 


2.4 
2 
0 


1.5  I 
1.4 

1.4 
1.3  ' 
1.3; 

1.3 

1.6  ' 

2.0  i 

2.9  ; 
3.4 
2.5 
2.1 

18 
1.7 
1.5 
1.5 
20 


2.8  1 
2.4 

2.  ti 

2.8 

a  2 


4.3 
a7 
ao 

ai 
4.8 
4.2 
a  5 
4.4 

4.0 

.\3 
4.8 
a  7 
4.1 


•'..  0 
X  3 
4.4 


\.t\ 

..3! 

1.4  I 
1.4 
2.0 
1.7 

I  5 
1.4 
1.4 
1.4 
1.3 

1.3 
1.2 
1.2 
1.2 
1.2 


2.9 

1  I 

3.4 

1.1 

3.9 

1.1 

2.9 

1.1 

2.8 

1  0 

2.5 

1.6 

a7 

1.5 

ai 

1.5 

2.8 

4.3 

2.6 

ati 

■2.3 

•2.1  I 

1.9 
1.8  , 
1.8  , 

■1.7 

1.7 
1.6 
1.6 
1.5 
1.5 

1.4 
1.6  , 

1.4 

1.4  1 
1.3  ! 
1.3 
1.3 
1.3 

1.3 
1.2 
1.2 
1.2 
1.2 


1.0 
.9 

.9 
1.2 
1.1 
1.4 
1.6 

1.5 
1.3 
1  2  : 
1  0  ' 
1.2 

14 
1.8 
1.6 
1.4 
1.4 

1  5 
1.6 
1.7 
2.1 

2  0 
1.8 


1.2 
1.2 
1.4 
1.5 


•2.5 
27 
■2.6 
•2.5 
2.2 

2.0 
1.9 
1.6 
1.5 
1.6 

1.4 
1.4 
1.5 
1.7 
1-2.  5 

l(V.l 

11.  to 
8.5 
a  6 
a4 

4.5 
4.1 

ae 
a3 
ai 
2.8 


1.6 

L5 
1.5 
1.4 


13 
1.3 
13 

U 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
.9 
.9 


.9 
.9 

.9 
1.3 


2.5 
2.3 
•2.3 
2.1 

2.1 
2.1 
•2.0 
2.0 
19 

l.S. 
l.ft 
l.S 

LS 

\.T 

1."P» 
l.C* 

ir> 
a:* 


2.1 
2.1 


a  Ice  gorge  January  '27,  190.'). 

t>  Flow  probably  unaiI«.'CloU  by  ice  coiuiitiuiii.  duriug  1900. 


STREAM    FLOW  :    POTOMAC   RIVER. 
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Rating  tahlenjor  Potonuic  River  at  PoiiU  of  Rocks y  Md, 
FEBRUARY  17,  ISUS,  TO  MARCH  31,  1902.a 


Discharge. 


Second-fcei. 
1,040 
1,180 
1,340 
1,540 
1,760 
2.000 
2,280 
2,600 
2,940 
3.300 
3.6«0 
4,080 
4.480 
4.900 
.>.320 
5, 7W 
6,200 
6,660 


Gage 
height. 


Discharge. 


Feci. 

2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.()0 
3.70 


Second-feet. 
I         7,120 

7,580    I 
I         8.060    I 
8,540 
9,020    I 
9.500 
10.000    I 
10,500    I 
11.000 
11.520    i 
12,040 
12.560    i 
13.080 
13,620    I 
14,160 
14.700    j 
15.260 
15,820    ; 


Gage 
height. 


niseliEin^a. 


Que 

beij^t. 


Fea. 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.30 
5.40 
5.60 
5.80 
6.00 
6. '20 
6.40 
6.60 
6.80 
7.00 


\BtA 


feet. 

tfi,  ' 

17^520 

19.  MO 
21,  MO 
23,240 
23.4Sn 
J4.740 
2ri,iSi) 
27,M) 

30.0SD 

^jm 

34,180 
35,A20 
»7,(»0 


Feel. 

7.30 
7.40 
7. 60 
7.80 

S.50 
9,00 
10.110 
11,00 
12.00 

mm 

14.(10 
15JW 

m.m 

17,  OD 
18.00 
10. 0» 

aaoo 


DlACllBll^, 


Semfi4-fe€t. 


U/eei 

m 


APRIL  1,  1902,  TO  DECEMBER  31,  1906.6 


40,Q9D 
UpAOO 
4a,lA0 
44,720 
18.700 
52,700 

»9,3CK) 
77,«)0 

a%goo 

102.500 
UO^IiOO 
119  JW 
137.100 

las.Tiio 

141.000 


000 

2.30 

CyAW 

4,20 

tAJM 

7.80 

3S,500 

LOGO 

2,40 

A,  520 

4.40 

16,270 

8.  CO 

39.(4§a 

l,2ft5 

2.ri0 

fl.920 

4.60 

17,430 

a,  SB 

43.740 

1.513 

Z  60 

7.330    1 

1% 

18,ei0 

9.00 

47,  «n 

l.T.-M 

170 

7.7SO    ! 

a.  00 

l9,S3Si 

9.50 

51,  SAO 

2,000 

1»J 

8,1H)    1 

5,30 

21.000 

10.00 

A.1.6Q0 

L^VH 

2.^1 

8,600 

4.40 

22,300 

ILOD 

63,900 

2..'5ao 

3,00 

Ji.OTO 

5.60 

ZI,,«VflO 

1X00 

72.300 

2.810    . 

3.10 

1»,S^0    ' 

5.80 

24.840 

1^.00 

m.m 

3.100    , 

3,20 

10.000    1 

€.€0 

t»,iio 

14.00 

m.m 

3,400    1 

3.30 

HI.  4«0 

fi.2n 

27.400 

15.00 

97J00 

;i.7oo   1 

3.40 

10.970 

fi.40 

38.7(10 

ie,oo 

105.400 

4  Jim 

3.  SO 

n,4T0 

[{.60 

30.100 

17.00 

113, 700 

4,;t30 

3.60 

ll.lkHO 

H.80 

31.4fl0 

18.00 

122hOOO 

1,670     , 

-rro 

12.400 

7.00 

32.830 

10,00 

130,300 

5.020    ' 

3.S) 

n.oio 

7.20 

31.230 

moo 

138,000 

5>.1«0 

3.  IK) 

13,."^ 

7.40 

nH>.020 

fi,750 

4.00 

14.070 

7,60 

37.000 

hie  i»  strictly  applicable  only  for  oDon-channel  conditions.  It  Is  based  on  23  discharge 
aade  during  1895-1901.  inclusive.  It  is  well  defined  between  gage  heights  0.3  foot  and 
5  9.00  feet  the  rating  curve  is  a  tangent,  the  diflference  being  830  per  tenth, 
strlctlv  applicable  only  for  open-channel  conditions.  It  is  nased  on  discharge  measur- 
ing 1902-1906,  inclusive.  It  is  fairly  well  defined  between  gage  heights  l.O  foot  and  14.0 
;e  height  10.0  feet  the  rating  curve  is  a  tangent,  the  difference  being  830  per  tenth. 
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THE   POTOMAC   RIVER   BASIN. 


Estimated  monthly  dutcKargf  of  Potomac  River  at  Point  of  Bocks,  Md. 
[DrHinago  Hmi.  9.(VS0  sqiian*  inilen.a] 


] >ia('har:t^'  in  s«H.'oii«l-f(>(».t. 


Month. 


Maxiniuni. ;  Mininiuni. 

I  I 


M(^an. 


1895. 

January 

Fel»ruary  17-28 

Mnrt'li..'. 

April 

May 

Jinu* 

Jnly ' 

AiigUMt 

ScptenilMT 

()ctol»<T 

Novonilwr 

Decenibor 


Th«'  year., 


Thcyi'.ir. 


ls«»7 
.Tiinii.iry. . . 
Frlini.ir\  . . 
Manli... .. 

April 

Ma 


.hill.' 

.hilv 

AlJ^MI>*l 

S«'ptcriil)iT. 

Oclo'.rr 

Nov.mmImt.. 

I)»'<-»Mlll»iT   .  . 
Til.-  V.' 


8(Ht>nd- 

fwt  per 

iHiiiaru 

mile. 


Kun-off. 


';  Depth  in 
inc>hv8. 


PnHIIUTjll'J 


15.2110  ■ 

(i5.1i80 

(iT.ti*) 

29.  .i*) 

7.5H0 

l().5(l() 

;i.;«K) 

2.  WW 

l.H*) 

L.'HO 

5..J20 


5.;{20 
11.520 
(i.200 
7.1-20 
2.2N0 
2.  UK) 
1..S-K) 

I.l.HO 

1.040 
I.IHO 
I.IM) 


7.413 

24. 5W) 

14.50) 

12.540 

4.03;{ 

4.443 

1.997 

1,5(»5 

l.Hi3 

i.:)3:{ 

2.25SJ 


0.7(38 

2.54 

1.50 

1.30 
.418  I 
.4(iO 
.207  I 
.  ](i2  I 
.120  ; 
.138  ' 
.■2-34  I 


a343 
2.93 

1.67 
1.50 
.4(16 
.530 
.239 
.181 
.138 
.154 
.270 


I 


lN9(i. 

January  <• 

Fehruary  «• 

Matxh 

.\l>ril 

May  11  310 

Jurio  <■ 

July 

August 

S»'pt«MnlK«r 

(K'tobrr 

N<n»'niJM'r 

DiveinlnT 


24. 100 
r.OHO 


1.1«) 


5.257 
10. 470 


.545 ; 

1.08    I 


.(i28 
1.  U\ 


a.  .120 
14.  PiO 
;*).m)  , 

1»..')00 
2,').:W) 
l.V.».  400 
:«.).(»20 
12.040 


1.540 

1.180 

2.i»40  ' 

1.540 

I.ISO 

2.000 

2.00O 

2.0<X) 


2.5(iO 
5.421»  , 
l».2S:i 
3.449  I 
2. 17.=» 
12.  4<H) 
t..  \r2X 
4. 723 


.2(i5 : 

.5(i2  I 
.9(>2  I 

.  -225  ; 

■'?  i 

.718  ' 
.481»  ' 


.'207 
.627 

1.11 
.412 
.251 

1.49 
.801 
.564 


s.:)4(» 

;;i.;w) 

•JS.IMMl 

<..-*<•<) 

■J. 'MO 
•J.NMl 

-1.  J.sO 


4.(W) 
■J.'.MO 


1..U0 


1.2S4 

IJ.U.0 
JO.  s,-,(l 
lO.SU) 

■JJ.'.a) 


.'.W'.S 


.444 

4.42 
•J.  P) 

1.  12 

2.  iiS 
.«121 
.  .V.l 
.  L'4 
.  242 
.  204 
.217 
.•is  I 

1.  12 


I 


.512 
4.60 
2.  49 

1.  25 

2.  74 

.  {\W 
.ti35 
.4Si) 
.270 
.  2:« 
.242 
.7So 


IVr  cont 
of  pre-        In 
cinta-    inrbes. 
tlon. 


r 


122 
71 
61 
12 
18 
11 
21 
12 
11 
10 


125  . 
M.lt.  . 
141 
2.37 
2.# 

103 
2.10 
.S5 
1.19 

1» 


26. « 


32 
33 


13 
19 
24 
4 
162 
26 
76 


1.97 
3.« 
3.55 
1.61 
0  2.91  . 
501 ' 
579 

(1.09 
.«• 

3.02 
.74 


.  '  36.78 


104 
55 
57 
28 
16 


17 

6 

24 


1.55! 

5.?^ 

2.4<1 

2.2*» 

477  I 

2.4? 

4.  OH 

2.** 

l.U> 

1.43 

4.10 

3. 22 


IV.K, 

.Iaiiii;ir\  .  .  . 
Ki'liruiirv . . 
Manh... .. 

April 

May 

hjiic 

July 

Au^'iist 

S«'[)t«'inl»<'r. 
OrtolMT.  .. 
Novcinltrr. 
Di^'onilicr. . 

Th.'  V 


MNI 

;;,.U)o 

11.  «w^) 

KM) 

.'i.  7tiO 

s.. •;.;«.  I 

|.'.0 

4.  W» 

1.-..  170 

700  1 

n.frjo 

l.'..".'7o 

7  JO 

•  l.JOO 

is.OiJ) 

(NIO   ' 

•J.t.00 

4.  I7s 

7«.o  ■ 

1..M0 

2.41s 

400 

:>.«'S0 

■J-J.  1  JO 

j.su  1 

2.000 

J.  4'.»7 

7.{0 

1.7J.0 

i:{..->so 

JlK) 

').:{2o 

s,  .V>7 

MO 

C.JOO 

i:>.;i;{o 

1.^7      I 


1.7.") 

5)00 
1.K4 
1.S4 
2.  pi 

.4.H3 

.2sS 
2.  (VI 

.  2S1» 
1.Ik3 

.  U.S.'* 

1..H3 

lf..M 


46 
84 
41  ' 
78 
45 

"9 
.38 
22 
25 
41 
63 


3.7S 
1.07 
4.44 

2. 3tl 
4. 7»i 
l.M 
3  21 
7.00 
1. :« 
6.  41 
2  41 
2. 91 

41.  4^ 


'I  «i.«i.'»o  sipiaro  inilos  w^nl  to  oPtaiii  run-oiT  for  P.»0«>:  '>.(i.".i  hsjmI  tor  all  othor  years. 

''Precipitation  for  <'oniploti' month.  February    ivr..  atitl  .Mav.  is'wi. 

*•  r.stitnate.s  January  1  to  June  17.  IS'.Xi.  liable  to  coiisidfralile  error.  (n\ing  to  po.'^slble  rrr<' 
heights.     S«v  Intnxluctjon.  pa^re  31. 

d  1SH7  e^tiniate.s  may  bo  only  appro.xinmte,  owing  to  large  error>^  m  Uie  wire  length  during 
Sec  Introduction,  page  32. 
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ed  monthly  discharge  of  Potomac  Rtnr  at  Point  of  Rocks,  Md. — Continued. 


SIsohiifK^  In  iiei»incl'if»l. 


Mjudmum. 


HlLlmLini. 


45^500 

fl.54D 

imsoo 

7,120 

115, 400 

UJtiO 

25.380 

5.760 

49,140 

5.320 

16.380 

2,940 

7.120 

1,540 

3,680 

1.540 

3,680 

1.7«» 

2.000 

1.540 

9,500 

2,000 

12,040 

2,000 

115.400 

1.540 

30,870 

2*i,130 

11^240 

11.750 

11.600 

5,314 

2.519 

2.335 

2,345 

1.663 

3.171 

4.0(i8 

Second- 

leet  per 

sqiiarG 

mile. 


Run-off. 

'  !  Percent 

,  Depth  in  i    of  pro- 
j   inches.   I   cipita< 


Precipitation. 


tlon. 


35.620  , 
37.820 

50.300 ; 

22.240  ■ 
7.120  ■ 

48,700  ! 
7.120 
3.680  I 
2,000  I 
2,600  I 

46,300 

29,340  ' 


3,680 

2.940 

8,540 

5.320 

2.940 

2.600  I 

1.340 

1,340 

1,040 

I.IW)  , 

1.040 

2.280  I 


10.750 


8.  K*> 
13,340 
18. 470 
9,295 
4.466 
8.394 
3,008 
1.917 
1,344 
1,333 
4.570 
6.218 


50.300 


1.040  I        6,710 


2.16 

1 
2.49 

2.91 

3.03    ' 

3.65 

4.21 

1.22 

1.3(i    i 

1.20 

1.38 

.550 

.614  1 

.2(51 

.301 

.242 

.279 

.243 

.271  1 

.172 

.198 

.328 

.366  1 

.421 

.485 

1.11 

14.98    1 

.846 
1.38 
1.91 
.963 
.463 
.860 
.312 
.199 


.473  I 
.644  I 

.695  ' 


.975  ' 

1.44 

2.20    I 

1.07 
.534 
.970  I 
.360 
.229  I 
.155  ! 
.159  I 
.528  I 
.742 

9.36    i 


47 
42 
64 
80  . 

231 
23 
10 
11  I 
8  ' 

_«i 

29      32.01 


2.10 

1.12 

3.44 

2.00 

3.42 

1.22 

1.34 

.27 

2.32 

1.79 

4.19 

3.22 

3.74 

3.38 

2.08 

1.85 

1.95 

1.79 

2.08 

1.92 

3.62 

3.09 

1.77 

1.03 

21.040  ' 
6.200 
80.920 

150,600  I 
95,S(K)  I 
48,700  I 
26,680 
20.440 
28.000 
12,040 
19.840 

130.700 

150.600  I 


75.110 
2a3.800  ' 
218.700  I 
108.700 
9.530  ! 
4.330  i 
4.330 
4.330 
2.000  , 
5.;»0  - 
11.470 
54, 7W 


1.7»i0  ' 

4.929 

.511 

2.280  • 

3.649 

.378 

2.280  1 

13,800 

1.43 

7,120 

39.750 

4.12 

6.200  , 

26.iri0 

2.79 

8.01.0  ! 

18.840 

1.95 

4.900 

10.720 

1.11 

4.080 

8,ai7 

.864 

3,680 

7.6,'i6 

.791 

2,600 

4,303 

.446 

2.280 

4.648 

.481 

4.480 

25.610 

2.65 

1,760         14.100 


.394 

1.65    I 

4.60 

3.22 

2.18    j 

1.28 
.99ti  i 
.882. 
.514  i 
.537  i 

3.06    I 

19.90 


I 


7.580 
9.020 
14.700 
7.750 
4.670 
2.  AW 
2.000 
1.515 
1.295 
l.5l.> 
1.750 
7,X^ 


17.520 
:«.520 
54,410 
28. 760 
5.973 
3.  im 
3.086 
2. 4<')4 
1.4<iO 

■]."h:<7 

18.970 


30 

85  i 

48 ; 

76 
60  , 
48 
34  I 
16 
28 
90 
22 
54  , 


44  I     44.93 


1. 81     1 

2.09 

3.37     ■ 

3.51     ' 

5.64     1 

6.50      ; 

2.99     ' 

3.  .34 

.619  I 

.714  1 

..^30  1 

.3<V8  1 

.320 

.  369  ' 

.255 

.294 

.154 

.  172  1 

.287 

.331  ! 

.•294 

.328 

1.96     , 

2.26 

75 

2.78 

W 

3.88 

^  , 

4.35 

.04  1 

3.20 

36 

1.97 

11  1 

3.45 

13  ' 

2.75 

13 

2.16 

8 

2.01 

10 

.3.36 

13 

2.49 

50 

4.50 

22.68 


1.95 

1.36 

.46 

.07 

3.4(> 

1.81 

6.05 

1.45 

6.47 

3.25 

4.56 

2.38 

3.82 

2.54 

6.23 

5.23 

3.16 

2.27 

.57 

.06 

2.50 

1.96 

5.71 

2.65 

218.700 


1.295         14.500 


1.50 


20.28    I 


55       3li.  90 


25.03 


.69 

.37 

-2.15 

—  .14 

1.26 

3.08 

2.38 

1.87 

1.84 

3.03 

2.16 

2.24 

H).  62 


CH  April  16. 1901.  to  Septonihcr  1.  VMY2.  liablo  to  .««r)nio  error  on  account  of  uncertainty  of  the 
?  February  11-23,  1<M)2;  nocorreetlon  made  in  estinnitcH. 
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InnoomMMi. 


I^CMI 


ia,i«i 


NofTimbvp.  I 


71^  no 


LIS 

177 
KM 

L« 


3;  OS 
.741 


-Mk 


4,mii 


Tlu^mr., 


?.0» 


L» 


17.  ^ 


MArtdi. 

i^!-.-.-.:::: 


Dcoeiiiber.. 


mtao 
37,iia 

am 

tpOOO 

UMfi 
£,090 


I 


1,090 


Lie 

,7«r 

.070 
1.05 

.«7 
.24S 

Am 

.131 

.130 


L«0 
L12 


The  ywir. , 

Jftnuaryr 

f«bruttry.. 

HAItill... 

April. 

«*y - 

Junp...-, ... 

July. , 

AiiiniMi. ,....-. 

&f^lpml>pr ., 

optf»ivr  „*.--. 
NfiV(»ml*or.„.., 
Oewmhor. 


^flOO 


a«T 


I7.ian 

OpSau 

10.000 


4.n7V  I 
A,  030 
<Vfi20  : 
4.0LO 
2.810  . 


Thpyitnr,. 

ISOA. 

Jfttiunry 

Felmiary. -.,,., 

Hitrrh 

Apdl_, ,,.._„. 

Ifty- 

June., ..., 

JiJjy. 

Ailgutt 

October 

Nnvonlbftr..-.,. 
Dwenibur 


Thu  yrar . 


i3.Jsao! 

2.sirt 

i.7sn  ; 

i.iwi 

5.W0  ! 

1.760 

3,7110  1 

1,7W 

."i.^no 

rvi.90o  I 

1,750  1 

M.Ano 

%,im 

ii.om  ' 

xim 

Tfl.llTO: 

i.'m 

(H.T.'O 

Kim 

10. 'tm; 

2,S10 

i9.iEJ0, 

.1.400 

s,(i2a ' 

2,fm  , 

ar.ora  ■ 

.1,-inu 

12,  «0' 

3.^11 

ioa.30o; 

2.&D 

lA.  !.■» 

1.010 

£5.1300  1 

1.010 

lOApSOOi 

1 

z,Asn 

23.4Hn 
ti^iWl 

10,  LIKl 

2,2117 
7,534 


.804 
.003 
2.43 

.4a& 

1.05 

.290 
J.  10 


2.80 
.7*1 

.7W 
1.23 


.MS 

.aea 

L27 


.7H0 


laoii 


14.1W 

2J, 440  I 

hj,^^  I 
7.007  , 

4,;«i 

15.200 
4,27.'V 

ifi.aio 

11.000  , 
10,710 


.  rm 

,7l^i 
.*i4 

i.r^H 

.444 


1.7TI 
.652 
LflO 
3.00 

.^10 


1.31 


1.11   I     iri,i4 

I 


1ft, 
SlSi 

xm 

.ti 


i«fi 

m 
itf 
an 

171 
IN 

131 
L« 
.It 

1£3 


ais 

19 
idB 

as 

!,» 
147 
tE 

IAS 


a&^ 


alert  conditionii  December  17-31,  1903;  no  correctinn  ma<1o  in  ostiinntcs. 

ft  Ice  conditions  during  portiona  of  J  Miuary  and  Februury.  1<M)4:  no  correction  made  in  est 

cice  gorge  January  37, 1905:  no  correction  made  in  ofltimato. 

The  following  table  gives  the  horsepower,  80  ])cr  cent  efficien 
foot  of  fall,  that  may  be  developed  at  different  rates  of  dischar 
shows  the  number  of  days  on  which  the  flow  and  the  correspc 
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•sepower  were  respectively  less  than  the  amounts  given  in  the  col- 
ins  for  " discharge ''  and  *' horsepower/' 

charge  and  horsepower  table  for  Potomac  River  at  Point  of  Rocks ,  Md.^from  1895 

to  1906. 


diufge 
in  «r- 


I  Am 

l.TUO 

hmi 

2.300 
a.  300 

i,mi 

4,100 
4.yfiO 
5.500 


Horaeu 

Dayfl  ol  dpfijClent  Oow^ 

HO  pur 

t*Mt  tffl- 

per  font 

1 

iS9ai 

im. 

l«9fl. 

IB&B. 

lOOO. 

1901. 

lom. 

1003. 

1904. 

1000. 

190^^ 

m\. 

BO 

160 

« 
25 

AS 
Aft 

107 

40 
70 
107 

a 

30 

•m 

101 

31 

14 

28 
43 

0 

::::::i::::::i 

« 

33 

14 

ISO 

m 

00 

20 

8 

50 

no 

3 

51 

107 

14 

20£» 

ia& 

73 

^ 

2& 

m 

115 

5 

«3 

S^ 

12$ 

33 

330 

150 

101 

98 

fiS 

IS3 

140 

40 

%m 

50 

140 

4A 

tt 

300 

16£2 

130 

107 

7i 

152 

ISS 

00 

142 

74 

Itil 

90 

3S 

350 

1»2 

102 

137 

Sff 

172 

173 

m 

ifla 

103 

IfHS 

130 

50 

400 

ISO 

IS7 

m 

\m 

t7(i 

m 

101 

ITS 

12^ 

207 

1« 

loa 

450 

301 

322 

m 

12ft 

t»» 

2n 

laa 

lai 

13ft 

210 

162 

12« 

500 

SOS 

238 

1»5 

I3(S 

m 

23a 

133 

105 

161 

^iTJt 

195 

151 

a  February  17  to  December  31, 1895. 

b  Miss  ng  days  estimated  from  Millville  records. 

•loTE.— The  minimmn  flow  during  the  period  covered  by  the  above  table  was  900  second-feet,  giving 
horsepower  per  foot  of  fall  for  two  three-day  periods  during  October,  1904. 

MOirOGAOY  BIVEK  HSAE  TRSSEKIOK,  MS. 

Monocacy  River  rises  in  Adams  Coimty,  Pa.,  flows  somewhat  west 
south,  and  enters  Potomac  River  in  the  southeastern  part  of  Fred- 
ick  County,  Md.  Its  length  below  the  confluence  of  Rock  and 
irsh  creeks  is  55  miles.  Its  drainage  area  is  940  square  miles.  It 
s  a  number  of  tributaries  on  which  small  mills  are  located. 
The  gaging  station  was  established  August  4,  1896,  by  E.  G.  Paul, 
is  located  at  the  county  bridge  on  the  toll  road  leading  from  Fred- 
ck  to  Mount  Pleasant,  Md.  It  is  4  miles  northeast  of  Frederick, 
3ut  2,000  feet  above  the  mouth  of  Israel  Creek  and  3,000  feet 
ow  the  mouth  of  Tuscarora  Creek. 

The  cliannel  is  straight  for  300  feet  above  and  100  feet  below  the 
dge.  Both  banks  are  low,  liable  to  overflow,  and  covered  with  a 
ige  of  trees,  but  all  water  passes  beneath  the  bridge.  The  bed  is 
Tiposed  of  gravel  and  cobblestones,  except  near  the  banks,  where  it 
composed  of  silt  and  is  subject  to  change. 

Discharge  measurements  are  made  from  the  two-span  highway 
dge,  which  has  a  total  span  of  310  feet.  The  channel  at  this  point 
iivided  by  a  small,  low  island,  which  serves  as  a  foundation  for  the 
ti  of  the  bridge.  The  right  channel  is  measured  from  the  lower  and 
3  left  from  the  upper  side  of  the  bridge,  as  the  results  are  better 
an  would  be  furnished  by  a  continuous  section  on  either  side  of  the 
idge.     The  pier  and  island  obstruct  the  flow  to  some  extent,  causing 
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dead  water  for  20  feet  to  the  right  of  the  pier  at  low  water  and  eddin 
at  high  water.  The  initial  point  for  soundings  is  a  crosscut  in  tb 
face  of  the  parapet  wall  on  the  lower  wing  of  the  right  abutment. 

S(>])teniber  S,  1902,  the  original  wire  gage  was  replaced  by  a  stiod- 
ard  chain  gage  which  Ls  located  in  the  middle  of  the  first  span  fron 
the  right  bank  and  Ls  attached  to  the  bridge  floor  on  the  lower  sideo( 
the  bridge.  The  length  of  the  chain  from  the  end  of  the  weight  totk 
marker  is  35.04  fei»t.  The  gage  is  read  twic^  each  day  by  E.  L.  Dm. 
The  bench  mark  is  a  hole  drilled  in  the  top  of  a  coping  stone  on  die 
lower  wing  of  the  right  abutment,  about  100  feet  back  from  theinitil 
]K)int  for  soundings,  lis  elevation  is  29.17  feet  above  gage  datm 
On  October  31,  1905,  the  elevation  of  the  top  of  the  pulley  was  foonl 
to  be  25.47  feet  above  gage  datum. 

E.'^ti mates  pul)lished  for  1S96  to  1903  have  been  revised;  1904 inJ 
1905  estimates,  as  previously  published,  have  not  l>een  changed.  Two 
rating  curves  have  been  used  to  determine  the  discharge  of  the  riTtf. 
The  estimates  are  probably  wdl  within  10  per  cent  of  the  tniedfe- 
charge  for  normal  conditions  of  How.  Owing  to  gorging  below  the 
bridge  at  high  stages,  tlie  tangtMit  has  been  considered  to  give  the  best 
results  above  gage  height  12.0  feet.  Ice  conditions  probably  affect  the 
discharge  to  a  considerable  extent. 

A  summary  of  tlie  records  gives  the  following  results:  Maximum 
discharge  for  twenty-four  houis.  20,460  second-feet;  minimum  dis- 
charge for  l\\enty-four  hours,  49  second-feet:  mean  annual  discharge 
for  ten  years,  1,1:^0  socond-fcct :  mean  annual  rainfall  for  ten  years. 
45.04  inclies. 


Dischanjr  nuiusun mt nts  of  Monacanj  Rmr  Jirar  Frf deride.  Md. 


Date 


.Viigust  .'» 

.Srptt'TulMT  m. . .  . 
NnvrniNT  ll» 


1S-«.»T. 

Fc))runry  0 

Kt'lirijjirV  -4. . . . 

Man«h«t! 

April  10 

.hily  ;i 

Sfjiti'iHlMT  :i ... 
(>('t<tl»t'r2^»'«  ... 


\ms. 


.l.-miiary  'H\ 
.VuK»i.'»t"-'(). 


1«H». 


May  22. 


Juno  2[^ 

S«'ptoiTilH*r  21) 


.iMly.-n. 


nm. 


lu'ijrlit. 


I>i.'t«-harj;r 


hate 


;     CiHKv 


^^Z/m^rp. 


-  ■- 

--------             - 

-  , 

-    — — ' 

F,rf. 

N*  fOloi-lttt. 

I'.iol     CimtiniKMl.      -^ 

'      Feft. 

Sffond-ltf!; 

4.  IM 

17ii 

I)«'<M'nilMT  'JS 

.;       a.  a) 

1.-I2" 

A.  SJI 

V» 

4  2l» 

•JO*; 

10O2. 

' 

1.01t> 

Si'ptt'jrilHT  4 

.'          3.74 

1 

inO 

(i  (M) 

l«Hi;{. 

s.  (»:• 

•A.,V^.) 

Man-h  i:{ 

(1.49 

li  (Ml 

l.ns.-i 
2.  204 

Vpril  17 

ll.ltt 
9.  40 

A.^*> 

April  l^ 

X''^ 

4  :»o 

•220 

Si'ptl'TlllMT  14 

4.  no 

X* 

4.  1.") 

1S2 

Novfiiil-rr  111.    .            

.;          4.32 

4.  (».-) 

\<mA. 

, 

2.M42 

.Iiilv  12 

..1          5.18 
..'          3.90 

4T.' 

7.  .V. 

Sriiti'iiiLiT  2ii 

101| 

♦i.  \Ki 

l,ro.i 

OctnlMT  20'-  

.1          3. 92 

i*^ 

1 '.»():.. 

.^x 

r>.  2«) 

(i:« 

Man«h  11 

10. 13 

A.f. 

4.(m 

\M 

Man-h  12'. 

.Iuiu-21 

9. 73 
4.  l(i 

'i? 

OrtolH-r.^l 

4.  (V8 

:4l 

4.10 

101 

.'{.  80 

88 

llMHi. 

May  SI 

4  70 

■"- 

4.10 

170 

1 

ff  ^f^'aslWlnl^ut  iiwdf  Ht  mouth  of  river. 


b  M.i»a»un'i\\v\\V  \u«i<Vv'  \v\\o\o  V»V\«\^  V^  '>K«Li>i:w*- 


STREAM   flow:    MONOCACY   RIVER.  163 

Daily  gage  height,  in  feet,  of  Monoeacy  River  near  Frederick,  Md. 

Aug. 


4.1 
4.1 

4.0 
.  4.0 
3.9 
3.9 
3.9 

3.H 
3.9 
3.9 
3.9 
3.9 


:t.a 

3,(1 
3.« 

3.7 

3.9 
3.9 
3.« 

3.7 
3.7 
3.7 
3.7 
3.7 

3,7a 


Tiay. 


4.« 
iA 

4.n 

J  J* 

3,9 
3.0  ' 

3.S 

4.1 


3.f) 
4.0 
4.t* 
4.0 
a.  45 


7.5 
A.O 
4.S 
4.5 
4.8 


t-s  I 


4.5 
4.  J 
4.3 
4.3 
4.2 


4.1     4.2 


4.W 
4.5 
4.S 
4.3 
1.3 

4.1 
4,1 
4.1 
4,2 
4,2 

4.3 
4.2 
4.1 
4.  L 
4.1 

iL 


17. 

IS......... 

'  Ifl *, 

2Q.... 

I  21......... 

23.,, 

23 

34 

2ri 

,  zo 

2S. 

29-...,,.,. 
■,  30... 

jl  31- - 


Aug' 


3.a 
4A 

3.r 

X7 

3,fl 

3.9 

3,7 
3.(1 
3,7 


Sapt 


3.9 
3,9 
4.0 
4,0 

4.0 

3.  a 

3.£l 
3.9 

3.H 

a.s 

3.  A 
B.0 


Oct. 


4.0 
3.9 
3.e 
3.3 

3.9 
3,9 
3.1* 
3,0 
3.9 

3.e 

3.9 
3.9 
3.9 
3,9 


KoT. 


4.4 
12 

4,2 
4.2 

4.2 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.3^ 

5.3 


Jan.      Feb. 


4.2 
4.2 
4.2 
4.2 
4.2 


4.4 
4.4 
5.0 
0.0 


4.3  8.4 

4.3  ,  15.0 
4.5  S.45 

4.4  i  0.0 
4.3  i  5.ti 


4.2 
4.3 
4.3 
4.3 

4.0  ! 

4.0 
4.0  I 
4.0 
4.3 
4.7 


5.2 
5.3 
4.9 
4.0 
4.0 


Mar,     Apr.     Mny. 


(i.  1 


I 

4.5  5.7 

5.5  ,  12.1 

5.4  I  14.  li 

4. 8  8.  H.> 

5.2  8.3     ' 


5.0 
5.0 
5.0 
5.0  ' 

4.8 
4.5 


7  A) 
(>.  1 
0.0 


A.7  , 

&.n 

7.S  I 
7,5 

7.0! 
6.2 
&0  I 

e.2 

5.H 
S.B 
5.7 
.1.7 

5,4 

7.0 
9.H 

7.0 

e.o 

(1.5 
7.4 
7.3 

.i.3 


5.0 
fi.0 
4.9 

4.9 
ti.9 

5.0 

5.4 
9.3 

0.5$ 

0.« 

5.7 

5,*i 

£.9 

6.2 

,'>.5 
^.3 

A.1 
5.0 
A.0 
.■1,0 
4.9 

4.9 
4,9 
4,N 
4,7 
4.0 


.=>,  J    ....... 


4.^ 
6.3 
0.2 
fi.2 
tt-0 

5.9 
5.rt 
5.4 
.5,1 
5.0 


Dep* 


Junp. 


5,0 
1,8 
4.7 
5,0 
7.5 

5.6 
5.4 

4,a^ 


5,1  I  5.3 

5. 1  S.W 

15.  a  ,  4.9 

in.n  I  4.7 

10,9  4.7 


7,4, 

6.»  I 

6.5 : 

titl  I 

5,»  I 

5,9  ! 

6.0  . 
5,5 

6.3  I 

(i.7  I 

(1.0 

.^3  I 
5.2 
5.0 

4,^>l 

,=1.0  !. 


4.T 
4.  ft 
4.  A 
4.7 
4,7 

4.9 
4.7 
4,5 
4.5 
4.4 

4.4 
4.4 
4.4 
4.2 

4.2 


July. 


4.2 
4.3 
4.3 
4.2 
4.2 

4.2 
4.2 
4.2 
4.9 
4.5 

4.2 
4.2 

7.0 
5.2 
4,6 

4.3 
4,3 

A,  J 

4,95 

5.25 

4.116 

(i.4 

h.m 

4.&> 

4,4i 

4.3.^ 

7.7 

9.9 

7.K 

r,A 
,'i.3 


Aug.    fi«pi. 


4.9 
4,7 
4.5 
4.4 
4,4 

4.3 
4.3 
4,2 

4.2    I 

10.  (J  ! 

a.5 

.5,45  ; 
4.4.^  ! 

4,25 

5,35  ' 

4.85 

4,3 

4.1 

4.1 

5.0 
4.« 
16.2 
6.75 

5.7.1 
hA 
4.7    I 
4.35 
4.15 
4.15  I 


4.15 
4.0(1 
4.15 

4,ort 

4.05 

3.93 
3.95 
3.95 
3.96 
3.96 


Oct. 


3.95 
3.96 
a.  85 
3.S5 
3.75 

3.&5 
3.75 
3.75 
3.75 


3.95  3.85 

3.95  3,^5 

3.95  4.25 

3.S5  4,].> 

3.ft5  I  4.05 


3,85  , 
4.45  I 
4.45 

4.0,5    ; 

3,S5  I 

3.S5  I 
3.B5  I 
3,05  , 
5.65  I 
.5.15 

4,fi5  I 
3.93 
3.05  , 
3.9i5  I 
3,95 

I 


3.95 
3.95 
3.85 
3.75 
3,75 

3.05 
3.95 
3.93 
3.95 
4.05 

4.35 
4.35 
4.15 
4.01 
4,05 
3.W.-P 


4,65 
4,55 

4,75 
5.6 
4.85  I 


4.0 
4,0 

4.0 
4,0 

4.0 
3.9 
3.9 
4.1 
4.3 

4.1 
4.1 
4.1 
4.0 
4.0 
4.^ 


Nov,      T>€C. 


4. 15 

14.85 
8. 15  ; 

5,35 

5,05 
4.85 
4,75 
5.iW 
5,55 

4.8.5 
4. 7,'*  ' 
4.*S5  , 
4.55 
5. 15 

I 
.5.55 
4.95 
4.75  I 

4.ru 

4.55 

1 


5.2S 
5,15 
5,15 
a.  15 
12.4 

t^.6S 

7.2 

0.55 

.5.05 

5.76 

5.55 
6.85 
15.65 
10.05 
14,0 

I3-H.5 
7.15 
6.05 
ti.  15 
.5.9.5 

5.M5 
0,53 

5.65 
5.15 


0,55  ,  5.55 
7.05  I  5.45 
^.5h  5.45 
h.».\  5.35 
.5.1^1  5..^'i 
■  .5.4.5 


oz"n  at  tho  ga^*'  Jaiiii.iry  *_'.'»  to  Fi'l)ni:iry  2   is<i7.     AIJ  gag«^  heights  from  July  3  to  D<?tviiilK>r 
Iirtbit*  to  error.'*  of  oiu'  or  two  tenth.**  owing  to  incornH't  win?  length. 
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Daily  gage  height,  in  feet,  e^  Monocaey  Ritfr  near  Frederiek,  if<f.— OontimML 


III 

17 

IS 

III 


Day. 


Jan.     Feb. 


Uar. 


(i.t'i 

7.1 

ti.4 


•2\     A.fi 

22 .Vii 

'2.i     />.♦» 

24 5.7 

2:» 10.4 

2f» S.2 

27 (i.A 

2S 5.2 

•«> 5.2 

:«) 5.2 

31 5.2 


t'..0 
«».2 


12.5 

n.5 

15.  W 
II. (i 
U.l 

0.1 
17.8 
12.5 


&.2 

*.l 

5.1 
o.O 


lM».a 

1 6.25  5.4        fi.4 

2 4.86  6.5        6,3 

a 6.ft5  6,6    '    a.s 

4 6.35  6.5        6.7 

5 6.15  6.1    I    tt.a 

fi 6.16  6.1 

7 6.15  6.5 

« 5.25  5.0 

9 5.:i6  6.2 

10 6.15  6.4 

11 6.75  5.4 

12 6.85  6.0 

i:\ 7.75  6.2 

14 8.15  5.0 

15 11.55  5.5 

16 11.05  6.3 

17 8.4  6.2 

IH 7.15  6.1 

1<» 6.55  6.4 

3» fi.65  6.5 

21 ■  8.<V5  14.H 

22 9.15  12.0 

Z\ 12.4  7.5 

24 9.15  6.5 

25 7.15  6.3 

2ii K.5  5.7 

27 8.0  5.6 

2K 7.3  5.4 

29 6.5     

;w 5.9     

:u 5.7     

1 5.4  .').2 

2 5.0  .'V.2 

;j 5.5  .VS 

4  ♦1.0  5.»i 

.', li.H  ."».«» 

i\ 12.75  5.7 

7 14.s:,  5.5 

.H             12.5  5.4 

'.»           ...  10.2  ♦..() 

10              «l.l  0.0 

11         «».l  0.0 

12     5.7  «i.O 

\.\ 5.S  0.0 

14     (i.O  0.0 

15     li.S  0.0 


Apr. 


T,l 
6.» 

5.8 


0.1}  &S 

6.9  6.(1 

6.5  6,6 

5.3  6.5 

5.2  5.3 


lUy. 


4.T 
4.7 

4.0 
4.6 
4.6 

4.« 
6.7 
ft.2fi 
13.4 
7.6 


5.2  6.5 

5.2  6.6 
5,1  I  B.3 
5.1  fl.O 

5.3  1    6.6 


6.1 
7.3 
7.6 
7.6 
10.75 

8.5 
6.6 
6.6 
7.7 
9.6 


11.5 
10.1 


17.2 
11.4.-1 
7..S 


4.9 

4.8 
4.8 
5.0 
5.3 

5.3 
5.0 
4.9 
4.9 

4.8 


7.1 
0.9 


12.0 
7.S 


7.4  •i.5 

7.3  '     0.2 

7.1  5.9 

0.5  5.0 

»i.5  5  0 


6.4 
6.0 
6.0 
6.6 
6.7 

6.6 
6.3 
5.9 
5.8 
5.7 
5.0 


4.8 
4.8 
5.0 
4.9 


4..«i 
4.^ 


.5.4 
5.0 
5.0 


9.7 
O.'.i 


l.i.9 
10.1 


7.9 

7.K 


Jimr. 


6.0  i    6.9  i  6.76 

6.0  ,    6.5  I  11.56 

6.0  I    5.0  !  7.5 

5.0        4.9  ,  6.6 

4.0         4.9  6.5 


7.ti 

5.1 

5.2     • 

7.2 

.5.0. 

5.0 

0.7 

5.0 

4.9     1 

6.7 

5.0 

4.8     1 

0.7 

.5.0 

4.7 

10. 15 

4.9 

4.7     ■ 

11.0 

4.9 

4.0     . 

8.1 

4.8 

5.0    , 

7.9 

5.0 

6.6 
5.4 
6.a 
6.3 
6.1 

6.1 

6.1 
6.0 
6.0 
6.0 

6.0 

6.0 
4.P 

4.f» 

4.8 
4.7 
4.6 
4.6 
4.5 

4.6 
4.5 
4.6 
4.4 
4.4 

4.4 
4.4 
4.4 

4.4 
4.4 


n.i 

7.05 
5. 2 


4.7 

4.5 
4.5 


4.9 
0.2 


4.S 
4. 5 
4.4 
4.4 

1.4 

A..\ 
4.:i 
4. a 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 


Jul?. 


4.4 
4.1 

4.3 
4.3 

4.4 

4.4 
4.4 
4.4 
4.4 
4.4 

4.3 

4,2 
4.2 

4.2 

4.1 
4.1 
4.1 
4.1 
4.3 

6.4 
4.4 

4.1 
4.0 
3.9 

3.9 
4.3 
4.3 
4.3 
4.2 
4.0 


4.1 
4.1 
4.1 
4.0 
4.0 

4.5 
4.4 
4.2 
4.:*> 
4.2 

4.2 
4.1 
4..* 
4.2 
4.2 

4  5 
4.:; 
4.:{ 
4.2 
1.1 

4.0 


4.5 
4  4 
4.A 
4.2 
4.0 

:j.9 


4.T 
4.0 
4.4 

4.1 
7.06 

0.0 
6.1 
4.3 
41 
0l7 

13.4 

6.0 
6.4 
6.4 
4.6 

4.6 
4.6 
6.36 
10.1 
7.0 

6.6 
4.9 
4.6 
4.6 
4.4 

4.8 

4.3 
4.2 
4.1 
4.1 
4.0 


3.9 
4.0 
5.1 
5.0 
5.0 

4.9 
4.5 
4.0 
4.0 
4.0 

4.0 
4.2 
4.0 
3.9 
3.9 

:i.9 
;i.9 
:i.s 

•A.S 

:\.x 

A.S 

:j.s 
:j.s 
:;.s 
.•;.s 

:i.K 

4.7 

4.95 

4.7 

4.;^ 


fiepit. 


4.0 
4.0 
4.0 
4.0 
3.9 

3.9 
3.9 
4.0 
4.0 
4.0 

3.9 
3.8 
3.6 

3.0 


Oct. 


3.8 
3.8 
3.8 
3.8 
3,8 


Not.:  dt 


5.5 
14 


I 

3.8  il 

3.8  U 

3.9  i« 

3.0  U 

a.  a  4.T 

3.5  9.1 
3.9  6.« 

3.6  6.4 
3,8  5.3 
4.0  I    9.2 


i4    i;j 


'    3.8 

4.2 

5.0 

'    3.8 

3.9 

5.5 

3.8 

6.6 

6.1 

3.8 

6.5 

12.35 

3.8 

6.6 

9.5 

'    3.8 

4.9 

6.» 

3.9 

11.66 

6.9 

4.16 

9.0 

59 

4.2 

7.1 

6.3 

4.1 

6.2 

5.0 

3.9 

6.2 

5.4 

3.9 

6.5 

6.2 

3.9 

6.3 

52 

3.9 

5.1 

6.3 

3.8 

6.1 
6.0 

6.7 

4.3 

4.0 

7.3 

4.3 

3.9 

6.4 

5.4 

3.9 

6.3 

5.0 

3.9 

6.0 

4.5 

3.8 

5.3 

4.0 

3.8 

5.0 

3.9 

3.9 

4.5 

,3.8 

3.9 

4.4 

3.7 

4.1 

4.3 

4.0 

4.1 

4.3 

4.0 

4.0 

4.2 

.3.9 

4.0 

4.1 

3.9 

3.9 

4.1 

.3.8 

.3.9 

4.1 

3.8 

.3.9 

4.1 

3.8 

3.9 

4.1 

'     3.7 

3.9 

4.1 

3.7 

4.0 

4.1 

3.7 

3.9 

4.1 

0.0 

3.9 

4.1 

5.3 

3.8 

4.1 

5.0 

3.8 

4.1 

'     4.9 

3.8 

4.1 

'     4.5 

3.8 

6.3 

1     *'^ 

3.8 

4.7 

5.25 

3.8 

4.4 

.5.5 

3.8 

4.3 

5.3 

3.8 

4.3 

5.0 

3.8 

4.3 

4.5 

.3.8 

4.2 

5.0 


SJ 
ii 
6.1 
M 

&( 
M 

i9 

T.S 

il 
6.0 
5.1 
5.5 
5.5 
5.5 


il 
il 
il 
il 
il 

iO 
iO 

•i.9 
3.9 

X'i 
i« 
5.95 
5.5 
O 

i4 
i4 

a 

i2 

iS 
4.4 

o 

7.1 
6.9 

6.2 

0.0 

5.1 

a  5.1 

A  5.1 

-5.4 


a  Kivor  frojam  F(>bnmrv  2-9.  1898. 

6  Uiver  frozen  ut  th«*  gjigi'  .Itinuary  2.  Fubruiiry  \^2\.  nwl  D.rrinlior  28-31,  1899. 
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oily  gage  height,  infect,  of  Monocacy  River  near  Frederick j  Md. — Continued. 


Oct. 


7.05     20.8 


fi.O 
5.7 

5.5 
5.1 
4.9 
4.6 
4.5 
4.5 


4.4 
4.2 
4.2 
4.3 
4.3 

4.2 
4.1 
4.0 
4  1 
4.1 

5.5 
7.6 
6.9 
G.4 
5.9 

4.9 
4.8 
4.7. 
4.7 
4.5 

4.3 
4.3 
4.2 
4.2 
4.2 

4.3 
4.3 
4.3 
4.8 
4.7 
4.7 


10.5 
8.5 

7.1 
6.5 
6.5 


4.6 
4.4 
4.4 
4.4 

4.8 

4.8 
4.7 
4.6 
4.5 
4.5 

4.5 
4.5 
4.4 

4.3 
4.3 

4.3 
4.3 
4.3 
4.4 
4.9 

5.0 
5.1 
5.0 
5.0 
4.9 

4.8 
4.6 
4.5 


6.5 
6.1 


6.0 

4.9 

4.6 

4.2 

5.9 

4.8 

4.5 

4.2 

5.7 

4.8 

4.5 

4.1 

5.5 

4.8 

4.5 

4.1 

5.5 

4.7 

4.5 

4.0 

6.5 

4.5 

4.5 
4.5 
4.4 
5.0 
5.5 

5.3 
5.0 
5.0 
5.1 
5.5 


5.7 

'■     5.6 

!  18.0 

15.5 

10.5 


7.9 
8.3 
7.2 
6.5 
6.2 


20.5  5.9 

11.9  5.6 

8.0  5.6 

7.3  j     5.4 

6.9  '     6.9 


6.1 
5.9 
5.8 
5.6 
5.3 

10.5 
7.6 
7.1 
6.0 
6.0 

6.1 

in.  4 

7.4 
5.9 
5.8 


6.5 
6.3 
5.9 
5.5 
9.6 

14.6 
9.6 
8.1 
H.5 
7.9 

7.3 
6.9 
6.4 
6.1 
6.0 


5.9 
5.8 
5.6 
5.4 
5.3 

5.2 
5.1 
5.1 
5.1 
.5.5 


5.4 
5.3 
5.1 
4.9 

4.9 
4.9 
4.9 

4.85 
4.8 

4.8 
4.8 
11.3 
9.1 
7.9 

7.1 
9.0 
9.2 
11.5 
9.1 
s.t\ 


6.0 
5.6 
5.4 
5.3 
5.3 

5.0 
5.5 
7.1 
5.4 
5.2 


4.15 
4.15 
4.a5 
3.95 
3.95 
3.95 


4.3 
4.3 
4.2 
4.2 
4.2 

4.4 

4.3 
4.3 
4.2 
4.1 


4.9    I  4.1 

4.9    :  5.1 

8.0    I  5.5 

6.4    ,  4.8 

6.75  4.8 


7.4,'> 

7.2    I 

6!T  ' 

5.9 
5.4 

.'1.2    ' 

5.2 

5.1 

4.9 

4.7 

4.6    , 

4.5 

4.5 

4.5 

4.5 


4.9 
5.0 
4.9 
5.2 
5.1 

5.1 
4.9 
4.5 
4.4 
4.2 

4.2 
4.5 
4.3 
4.2 
4.2 
4.1 


3.95 
3.85 
5.45 
5.25 
4.25 
3.95 


4.1 
4.0 
4.0 
4.0 
4.0 

5.4 
7.1 
6.0 
4.7 
4.6 

4.2 
4.1 
4.6 
4.4 
4.3 

5.6 
4.9 
.•i.l 
4.5 
6.4 

6.1 
5.2 
4.5 
4.6 
5.0 

4.9 
4.5 
4.3 
4.2 
4.2 
4.2 


4.0 


4.3 
4.9 
4.5 
4.4 
4.3 

4.3 
4.3 
4.3 
4.3 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

5.5 
4.7 
4.5 
4.5 
4.4 

4.3 

4.3 


4. -J 
4.1 

4.1 

4.1 

4.1 

4.1 

4.7 

6.7 

3.7 
3.7 
3.7 
3.7 
3.7 
3.7 


5.2 
5.1 
4.9 

4.8 
4.6 

4.4 

4.3 
4.3 
4.2 
4.2 

4.2 
4.1 
4.1 
4.8 
5.0 

4.9 
4.8 
4.4 
4.2 
4.2 

4.1 
4.1 
4.1 
4.1 
4.1 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 


Nov. 

Dec. 

3.7 

5.2 

3.7 

4.3 

3.7 

4.3 

4.1 

7.2 

4.1 

12.1 

4.0 

6.0 

4.0 

6.5 

4.0 

6.2 

3.9 

4.9 

3.9 

4.5 

3.9 

4.3 

3.9 

4.2 

3.9 

4.0 

3.9 

4.0 

3.9 

4.0 

3.9 

4.0 

3.9 

4.0 

3.8 

4.0 

3.8 

3.9 

3.8 

3.9 

3.8 

3.9 

3.8 

4.0 

3.9 

4.0 

3.9 

4.1 

3.9 

4.1 

9.2 

4.1 

7.3 

4.1 

7.1 

4.1 

6.9 

4.0 

6.3 

4.0 

.     4.4 

4.2 

4.9 

4.2 

4.7 

4.2 

4.9 

4.2 

4.9 

4.2 

4.9 

4.2 

4.9 

4.2 

4.8 

4.3 

4.8 

4.3 

4.8 

4.3 

7.5 

4.3 

6.5 

4.3 

6.1 

4.3 

5.3 

4.3 

5.4 

4.3 

19.75 

4.3 

9.5 

4.2 

7.1 

4.2 

6.9 

4.2 

6.5 

4.2 

6.2 

4.2 

6.0 

4.2 

5.9 

4.5 

5.9 

9.4 

5.7 

7.5 

5.5 

5.9 

5.5 

5.5 

7.35 

5.3 

6.5 

5.1 

13.25 

5.0 

18.5 

12.5 

a  Rlvor  frozen  at  tho  gogi*  .laniiory  l-<'»  ami  Fobnuiry  1-4.  1900. 

b  No  gago  weight  on  the  wire  June  1-4.  1901;  gago  heights  estimated  by  the  observer. 
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THE   POTOMAC   RIVER   BASIN. 


Daily  gage  height,  in  feet,  of  Monocacy  River  near  Frederichj  Md. — Continufd. 


Day. 


I 


1 H.r>  5.9  25.2  7.0  5.2 

2 H.2  5.«  14.5  «.9  5.1 

3 7.1  5.9  10.9  10.5    ,  5.1 

4 «.0  8.5  10.2  8.5  5.0 

5 7.9  8.5  9.0  j     H.3    ^  4.9 

ft 8.2  8.1  9.2  8.0  4.9 

7 8.1  7.9  9.1  7.9    '  4.8 

8 7.5  7.8  8.9  7.5  4.8 

9 5.9  7.4  9.9  17.9  4.7 

10 5.5  ti.9  15.2  10.9  4.7 

11 5.4  «.5  15.5  8.2  4.7 

12 5.4  0.5  12.2  7.5  4.0 

13 5.3  0.5  14.5  7.3    ,  4.0 

14 5.3  0.3  10. 1  0.9  4.0 

15 5.2  O.l  10.0  0.5    ,  4.0 

10 5.1  5.9  9.5  0.3  4.0 

17 4.9  5.9  14.0  0.1  4.5 

18 4.9  5.9  10.2  5.9  4.5 

19 4.9  5.9  8.4  5.8  4.5 

20 4.9  0.1  8.1  5.7  4.5 

21 7.2  10.2  7.9  ♦    5.0  4.5 

22 18.()5  14.4  7.4  5.5  4.5 

X\ 7.1  9.0  7.1  5.4  4.5 

24 0.9  9.4  0.9  5.3  4.4 

25 0.1  10.5  «>.5  5.3  4.4 

2«i 0.9  24.0  0.3  5.2  4.4 

27 11.15  21.4  «i.O  5.1  4.5 

28 7.5  19.;t'»  0.0  5.0  4.5 

2l» <i.9  5.9  5.2  4.4 

;«) 0.5  5.0  5.2  4.3 

3k 0.2  0.2  4.3 

l^K^;{.^ 

1 :>.:.  7.r.  21.4  :.«.»  .'..«. 

2 i:>>  7.:i  «».:>  \.a  .•...•. 

;{ \.\.x^  s.;{  s.i  u.w  .•,..-, 

4 lo..'.  iii.;i:.  :.'.»  7.u  :...-) 

5 <)..*)  10. '•  :.:.  7  J  ."..4 

t; S.J  :.'.<  7.2  •;  r,  .-,..{ 

7 7.."!  7..'»  ••  «.»  ♦"..•»  .").;> 

K (i,<j  7.;i  7..'»  7..")  :^:^ 

w (i.:{  -,.:>  s.«;  ij.'j  :^:i 

10 u.w  «;.'i  7  4  7.'.»  :).i 

11 •».il  7.1  7.  J  7,_»  .'..0 

IJ M.:!  10..-.  7   1  11.7  4.<» 

i:;     .s.r,  7.:.  •>  ;<  7  4  4.'.» 

14 S.4  -..:<,  c.-j  i«.».;{  4  s 

l.'i S.2  l.s  »;._»  21.  t,  4.S 

1(1 S.2  11.2  (.2  -20.4  4.7 

17 7.<»  IM  I.  1  11.4  4.7 

l.s 7  :5  7.4  .'.  «,»  «».4  4.S 

\\\ 7.;{  7  1  :.  «»  S.  1  1  ^ 

•2t> 7.2  •l.*»  .'•  *N  7.'»  4.7 

21 .S..V.  t,.7  :,.s  7.4  4.7 

■22 11.7  «1.4  ••4  7.1  4.7 

23 S.d  «1.2  17.1  <i.7  \.~, 

24 7.1  0.2  IS.  2  11.:.  «1..'. 

25 0.5  0.2  S.W  «1.4  0.1 

2r. r..3  0.2  7.«i  0.2     '  .">.  4 

27 «l.  1  7.3     •  7..'>  o  1  4.'.» 

2.S 9.H  21.2  7.1  .'..«»  4.«« 

2'.» 10.0  0..-.  .•).7  4.S 

:«) 11.2  9.5  5.7  14.  s 

31 S.J  13.9  7.5 

n  Hiv«*r  frozon  nt  Kag»'  Fohniary  4-19.  1(}02.     OI.> 
1*<02,  the  giigc  JxMng  broktm. 

b  River  fro/A'ii  at  gage  January  12-2i).  \\M\\. 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.    Dk. 

4.3 

6.9 

5.2 

;    3.7 

4.6 

5.1     y^ 

4.3 

,    6.4 

4.5 

3.7 

6.0 

5.0    :.> 

4.3 

4.9 

4.2 

3.7 

5.1 

i»      U9 

4.2 

,     4.8 

4.1 

1    3.7 

^•2    , 

4.7      v^ 

4.2 

'    4.8 

4.1 

3.9 

4.5    1 

i6    >.: 

4.1 

4.8 

4.2 

3.7 

7.1 

i5    :^ 

4.1 

4.8 

4.2 

3.6 

5.2  ; 

i4     :> 

4.1 

4.6 

4.1 

3.6 

5.1    , 

16      > 

4.1 

4.5 

4.0 

3.6 

5.0    , 

15     :•) 

4.1 

4.4 

4.0 

3.6 

4.9 

1 

15     :< 

4.1 

4.3 

4.0 

3.6 

5.5    ' 

15     :» 

4.0 

4.2 

4.0 

3.55 

12.8 

14       92 

7.1 

4.1 

3.9 

3.5 

8.1 

14     U» 

5.5 

4.0 

3.9 

3.5 

6.5 

14  ,    *.5 

4.2 

4.0 

3.8 

,    3.5 

5.1 

13         5- 

4.2 

3.9 

3.8 

3.5 

4.9    ' 

12      15» 

4.2 

3.9 

3.8 

3.5 

4.7    i 

12      \^\ 

4.1 

3.9 

3.8 

3.5 

4.6 

4.2       >J 

4.1 

4.1 

3.8 

3.5 

4.5    1 

16     ;1 

4.1 

4.1 

3.8 

3.6 

4.4' 

15  '    »••• 

4.2 

5.2 

3.7 

>    3.6 

4.3 

14  ,  10,: 

4.2 

4.3 

3.7 

3.6 

4.2 

13       ■ 

4.1 

4.2 

3.7 

,    3.5 

4.2 

12      1 

4.1 

4.1 

3.6 

3.5 

4.2 

12       \ 

4.1 

4.1 

3.6 

3.8 

4.1 

12 

5.9 

4.0 

3.6 

4.0 

4.1 

5.9 

5.0 

4.0 

3.6 

9.1 

4.1 

9.4        ' 

5.1 

3.9 

4.1 

5.1 

13.7 

7.9        ' 

4.5 

3.9 

3.9 

.     4.9 

9.5 

5.9   1     ' 

4.5 

4.5 

3.7 

4.8 

5.5 

5.9       ' 

5.5 

3.7 

5.3 

0.5 

9.5 

5.3 

0.5 

4.4 

4.:J 

•1.4 

.s.l 

5.1 

5.9 

4.4 

4.3 

0.1 

1 ..') 

4.9 

5.5 

4.3 

4.3 

.'..1 

s.l 

4.9 

5.4 

4.3 

4.3 

r«» 

11.5 

4.9 

5.2 

4.3 

4.3 

4.'.» 

,,    r, 

4.9 

5.0 

4.3 

4.3 

.■»  s 

7.3 

5.4 

4.9 

4.4 

4.3 

.').  s 

•  1.2 

5.2 

4.S 

5.2 

4.3 

.-.  4 

(..1 

5.1 

5.4 

7.2 

4.3 

.-.  1 

:>. ",» 

4.9 

7.2 

5.2 

4.3 

.*!     S 

.').  s 

4.9 

0.9 

0.1 

4.3 

s   I 

',».  1.-. 

4..S 

5. 5 

5.9 

4.3 

u   .'» 

is.s 

4.S 

4.9 

5.0 

4.3 

1,  2 

S. .'» 

4.7 

4.7 

5.2 

4.3 

.'l  .  .*N 

7..-. 

4.7 

4.0 

5.1 

4.3 

.'>.  J 

•l.s 

7.5 

4.0 

4.9 

4.3 

•">  2 

0..'t 

7.1 

0.5 

4.9 

4.4 

;,  ( , 

S.2 

il.2 

11.1 

•5.5 

4.9 

•.'..  1 

11.:. 

:>.',' 

5.S 

.'>.4 

4.7 

..  ...-, 

O.'.J 

:>.  7 

5.2 

,-..2 

4.5 

7  .-. 

t.  4 

l.H 

4.9 

4.9 

4.4 

0  4 

•  '.2 

4.7 

4.8 

4.7 

4.3 

.'(.7 

."■(.•l 

■\.u 

4.7 

4.0 

4.3 

u.w 

.^.4 

4.5 

4.7 

4.0 

4.3 

.'»  «♦ 

:>.3 

4.5 

4.0 

4.5 

4.3 

.Vo 

:..2 

4.> 

4.5 

4.5 

4.3 

.'».<• 

.'»  2 

4.7 

4.5 

4.4 

4.3 

.'.  ». 

.-..I 

10..-. 

4.4 

4.4 

4.2 

21.2 

:..i 

12.  I 

4.4 

4.4 

4.2 

U.O 

:..4 
:>  4 

7.0 
V.  1 

14 

4.3 
4.3 

4.2 

•rvcr  f.stiin.itr.l  ^mk'«'  li-'iKlit."*  March  20  t<>  \\ 
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y  (jage  height,  infect,  of  Monocacy  River  near  Frederick,  Md. — Continued. 


Jan.     Feb.      Mar. 


4.6 
4.9 

4.8 
5.5 
5.1 

4.1» 
4.7 
4.0 
4  6 
4.6 

4.6 
4.6 
4  6 
4  6 

4.6 

4.6 
4.5 
4  5 
4.5 
4.5 

4.5 
4.5 
19.9 
11.5 
6.  1 

5.9 
4.6 
4.6 
5.5 
6.1 
5.9 

6.0 
6.4 
6.8 
6.4 
6.L' 

6.2 
17.4 

9.  8 
7.2 

(\.^ 

6. «) 
6.4 
6.4 
♦i.  2 
5.8 

5.  8 
6.0 
6.2 
6.4 
6.4 

5.8 
5.6 
5.4 
5.2 
5.4 

6.2 


5.0 
4.9 
5.4 
4.9 
4.6 

4.7 

8.2 
14.15 
6.4 
6.1 

6.0 
.X4 
5.1 
4.9 
4.9 

5.0 
4.9 
4.9 
4.9 
4.9 

5.0    ' 
1:175 
12.2 

9.0 

6.8 

5.2 
4.9 

4.8 
4.8 


5.2 
5.0 
5.0 

4.8 
4.8 

4.8 
4.8 
4.8 
4.8 
4.8 

4.8 
4.8 
4.8 
4.8 
4.8 

4.8 
4.8 
4.8 
4.8 
4.8 

4.8 

4.8 
4.8 
4.8 
4.8 


Apr. 


May. 


8.1 

7.5 ; 

6.2  , 
6.2  I 
5.9 

6.0 
17.0 
17.2  ■ 
8.2  I 
6.5  I 

6.6 
7.0 
6.2 
5.9 
5.8 

5.6 
5.  5 

5l6  i 
5.5  I 

5.8 

6.2 
6.5 
6.8 
6.2 
5.9 

5.7  I 

5.7 

5.4 

5.2 

5.2 

5.4    . 


5.8 
5.8 
5.4 
5.2  I 
6.6 

6,8 

7.4 

7.4 
10.9 
14.6 

11.8 
9.8 
9.0 

8.8 
8.2 

8.2 
9.0 
9.2 
8.6 
9.4 

14.8 
10.4 

8.8 
8.2 
.8.0 

SO 
7.  «i 
«i.  8 
6.4 
«■,.  4 


6.9 
7.2 
6.4 
5.5  ' 
5.4 

5.5  i 

5.4  I 

5.6  : 
7.8  . 
7.2  I 

6.4 
5.9 
5.6 
5.4, 
5.1  I 


5.2 

5.0 

4.6  ; 

4.2 

5.0  1 

4.8 

4.5 

4.1 

4.9 

4.9 

4.6  ' 

4.1 

4.9 

5.2 

4.5  : 

4.1 

4.8 

5.2 

9.8 ; 

4.0 

4.8  I 
4.6  I 
4.6 
4.7 
4.0 

4.8! 
4.9 
5.3 
5.3 
5.1  i 


6.0  I 
5.8 
5.6  I 
5.4 
6.4 

6.4  1 
6.2 
5.8 
5.  6 

5.4  ' 

I 

7.6 
6.8 
6.4 
6.0  I 
5.8 

5.6 
5.4 
5.  4  : 


5.0 
5.0 
5.0 

4.8 

4.8 
4.8 
"».s 
:>.  2 
.-..  0 


Dec. 


4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.4 
4.6 

5.4 
6.8 
9.4 
9.2 
7.8 
5.8 


8.1 

7.2 

9.5 

9. 

8.3 

6.1 
5.6 
5.5 
5.4 
5.3 

5.1 
5.0 
5.0 
5.0 
4.9 

4.9 
5.0 
5.0 
5.0 
5.  75 

18.65 
12.  6 
10.5 
7.5 
6.9 

6.5 
5. 0 


iii.  27  to  Feb.  Jx.  I'.H).').  tin-  ri vor  wa^^  frozen  entin'ly  across  rxcrpt  for  a  narrow  channol  in  tho 
age  heights  are  to  tlie  surface  of  the  water  in  a" hole  in  the  iw.    Thiekness  of  ic^  about  1 
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Daily  gage  height,  in  feet,  of  Monocaqf  River  near  Frederick^  Md. — Contioued. 


Day. 


Jan.  '  Fob.  \  Mar.  |  Apr.  ,  May.  '  June.  \  July.  I  Aug. 


llKW.o 

1 «.2 

2 #.  5.7 

3 7.  5 

4 18  35 

5 12.6 

6 7.  f) 

7 0.7 

8 1  ti.(> 

9 1  fi.2 

10 ,  5.9 

11 '  5.7 

12 1  «>.9 

13 '  6.7 

14 1  6.2 

15 1  6.5 

16 '  7.1 

17 '  6.9 

18 1  6.2 

19 1  5.9 

20 ,  5  7 

21 5.7 

22 5.  7 

2'.\ '  5.  6 

24 1  5.6 

25 ;  5.6 

26 !  5.5 

27 j  5.5 

2S I  5.  .55 

29 ;  5.3 

30 1  5  2 

31 j  5.1 


,  L 


I  I 

Sept.  I  Oct.  '  Nov.    Ikc. 


4.9 

is 

9.7  . 

5.4 

4.7 

4.5 

4.5 

5.5' 

4.3  , 

&6 

U 

4.8 

5.5 

7.8  , 

6.4 

4.7 

4.5 

9.1 

5.2 

4.3I 

5.5; 

a 

4.5 

9.1 

7.4 

5  3 

4.6 

4.5 

16.1 

5  1 

4.3 

53! 

a 

4.5 

16.65 

6.9 

5.3 

4.5 

5.3 

10.1 

4.9 

4.8  i 

&2 

45 

5.1 

9.1 

6.5  i 

5.2 

4.4 

5.1 

5.5 

4  9 

7.1  1 

51 

a 

5.0 

&9 

6.3 

5.3  1 

4.4 

4.6 

5.3 

4.8 

6.1  ; 

50 

i: 

4.9 

6.5 

6.2  1 

5  3  , 

4.4 

4.6 

5.1 

4  7 

5.8; 

49 

a 

4.8 

6.4 

6.1  1 

5.3 

4.4 

4  5 

4.9 

4.6, 

49  > 

48 

4» 

5.2 

6.3 

7.5  1 

5.2 

4.4 

4.5 

4.8 

46  1 

4.7 

48 

U 

5.1 

6.1 

16.8  1 

5.0  , 

5.5 

4.4 

4.8 

45 

46 

48 

59 

5.0 

5.9 

9.1  , 

5.0  1 

5.1 

4.4 

6.1 

^4  , 

4  5 

48 

ii 

4.9 

5.8 

8.5 

4.9 

4.5 

4.9 

5.1 

4.4  i 

4.4 

47, 

64 

4.8 

5.8 

7.1  ' 

4.9 

4  5 

4.5 

6.1 

4.4 

43 

47 

Si 

5.9 

5.8 

6.9  ' 

4.9  1 

4.4 

4.4 

4.8 

4.4 

43 

47 

V. 

8.1 

5.8 

21.8  1 

4.7 

4  4 

4  4 

47 

4  4 

43 

48 

a 

5.4 

5.8 

15.  5  \ 

4.8 

4  5 

4.4 

16 

4.4 

4  3 

4H 

:.i 

4.9 

5.7 

10.  2  , 

4.8 

4  6 

4.5 

4.6 

4.4  1 

4.3 

48 

^s 

4.8 

5.7 

8  1 

4.7 

7.1 

4.5 

4.5 

4.4 

4.3 

49 

111 

5.0 

5.6 

7.5  ' 

4.7 

9.7 

4.4 

8.5 

4.4 

9.5  , 

5.2; 

&& 

5.0 

5.6 

7. 1 

4.5 

9.5 

4.4 

7.5 

4.4, 

13.2 

55 

<ii 

5.4 

5.5 

6.7 

4  5 

10.5 

4  3 

6.5 

48 

9.5 

5.1' 

a5 

9.4 

5.5 

6.  4  i 

4.5 

10.7 

4.4 

5.4 

4.6 

11.5 

50 

:.i 

«).  5 

5.5 

6.3  : 

4.5 

6.7 

4.8 

7.35 

4  4 

8  5 

49 

tJ 

6.1 

5.6 

6.  1  . 

4.5  , 

6.1 

5.1 

6.5 

4  4 

7.5 

48 

ih 

6.7 

5.6 

5  9 

4  4 

5.9 

4.8 

7.5 

4.4 

8.5 

47 

i. 

(i.  9 

5.5 

5  8  ■ 

4.5 

5.8 

4.6 

7.8 

4  3 

8  1 

46 

i6 

5  9 

9.0 

5.7 

4.5 

5.1 

4.4 

11.0 

4  3 

7.5 

46 

6  1 

17.45 

5  5 

5.6 

4.9 

4.35 

9.8 

4.3 

6.7 

46 

6!) 

12.  5 

5.4 

5  1 

4.8 

4.5 

7.5 

43 

6  2 

45 

3> 

10.5 

5.4 

4.8 

4.7 

4.3 

6.1 

4.3 

5  8 

45 

a. 

9.6 

4.7    . 

4.3 

5.8 

5  7  , 

S4 

'I  River  frozen  nt  the  gage  February  (M».  1906. 


Rathuj  tdbhfi  f(n-  Xfouoairtj  R'urr  mar  Fralerick,  Md. 
.MC.rST   i.  IV'H..   10   1)K('KMHKK  31.  HHKt.'i 


dago 
lieiglit. 

Hisehjirge. 

tJage 
height . 

Di.-^iharge. 

(iage 
lieight. 

Discharge. 

Gage 
height. 

Dischiirge. 

Ftff. 

St  roiui-f'  ri . 

r<fr. 

Srcond-fi  ff. 

Frer. 

Sfcoml-feet. 

Ffft. 

Sfcond-fCft 

.{.  40 

4;{ 

.-..  10 

."rj.'i 

tl.  Ml 

l.fWK) 

10.00 

4,600 

X  rA) 

."•.'» 

.V  JO 

.'•7.'» 

»i.«M» 

l.CSt) 

10.50 

1          5.100 

a.  <H( 

•  <» 

:>.  M) 

tij'» 

7.(K» 

1.7»K) 

11.00 

5.«W) 

A.  70 

'                        H.') 

.-).  40 

(i7r) 

7.  ^) 

i.<»;w 

11.50 

'          6,100 

a  f4) 

!(»;{ 

:>.  :)0 

7;;o 

7.40 

2.10.-> 

12.00 

1          6,600 

:i  w 

121 

."».  (.0 

7s') 

7.  i>0 

2.2S.5 

13.00 

'       7,6r.o 

4.(X) 

147 

."..  70 

S40 

7.  so 

2.4<».'. 

14.00 

8.7(W 

4.  10 

17J 

.').  ,so 

'.>00 

V  (HI 

•     2,ti.-iO 

!.=».  00 

1          9. 7.% 

4  1>0 

l'.».s 

:..  <.M) 

\W) 

s.  20 

2..S4() 

16.  IK) 

10,800 

4.  M) 

221) 

»..  00 

l.oj.-) 

S.  4<» 

;i.o:io 

17.00 

11,850 

4.40 

2.Vi 

ti.  10 

l.(KM) 

s.  r.o 

:i.-220 

18.00 

12,900 

4.  :a) 

2S.S 

•1.  2(» 

1.1. V. 

S.  H) 

;i.4io 

19.00 

13.950 

4. «.() 

:v.>2 

i\.  M) 

1.22:. 

?».  00 

;i.ti<H) 

20.00 

15.000 

4.70 

:us 

t\.  40 

l.2'.C. 

'.».  20 

.i.VK.^ 

22.00 

17.100 

4.  .SO 

;«H) 

•i.  :n) 

i,;{7o 

0.  40 

4,iMK) 

24.00 

19,200 

4.  «»0 

4:{7 

♦'..  CO 

1.44.-. 

'.;.  CO 

4.-2(H) 

2t).  00 

,        21,300 

'..  (H) 

4.S0 

»i.  70 

i.:.2o 

'.».  .so 

4.4(H) 

ft  This  table  is  st  rietlv  applicable  oiilv  foroi)«MMliaiini'l  eoiulitioii"^.  It  is  ba.<M'd  on  discharge  moaj^ut^ 
iin-ntsinaile  (hiring  1S!HV-1<H)3.  It  is  fairly  well  .lefine.l  U-twtHMi  gage  h.-igiits  4.0  foot  and9.0f«?t.  M^^^ 
gage  height  12.0  f<.vl  th<'  rating  curve  is  a  tangent,  the  diilen-nee  l>eiin;  l(>.'»  pr  tenth 
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Raiing  tables  for  Monocacy  River  near  Frederick^  Ifrf.— Continued. 
JANUARY  1,  1904,  TO  DECEMBER  31,1906.a 


hergft.     Discharge.'    ^^^,      I>i«eharge.  \«^«      Discharge.     ^^^,      Discharge. 


Fret.      Second-feet.       Feet.     Second-feet.  \     Feet.      Second-feet.        Feet      Second  feet. 


3. 80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 


80 
99 
120 
144 
170 
108 
228 
260 
294 
330 
368 
408 
450 
493 
538 


5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 


I 


584 

632 

682 

734 

789 

846 

906 

969 

1,034 

1,102 

1,172 

1,242 

1.315 

1,390 

1,465 


6.80 
6.90 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
&80 
9.00 
9.20 
9.40 


1,^45 
1,625 
t,705 
I,S75 
2,04.5 
2,^ 
2,401) 

2,7a5 
2,nfi5 
3J45 

3,62,1 
a,  715 
3,905 


9.60 
9.80 
10.00 
10.50 
11.00 
11.50 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 


4.100 
4,300 
4,500 
5,0UD 
A,  500 
0,000 
6,500 
7,550 

*.eoo 

9.630 
10,700 
11,750 
la,  800 
13.850 
14,900 


is  table  is  strictly  applicable  only  for  open-channel  conditions.  It  is  based  on  discharge  measure- 
made  during  1904-1906.  It  is  fairly  well  defined  l)etwoen  gage  heights  4.0  feet  and  10.0  feet.  Above 
eight  12.0  feet  the  rating  curve  is  a  tangent,  the  difference  being  106  per  tenth. 


Estimated  monthly  discharge  of  Monocacy  River  near  Frederick,  Md. 
[Drainagt^  an>a,  660  square  miles.o] 


j         Discharge  in  second-feet. 


Run-off. 


Precipitation. 


Ilonth 


1896. 

r>' 

iiry... 


Maximum.   Mmimuin. 


I    Second- 

I     3i^        inches. 


Depth 


I 


Per  cent 
of  pre- 
cipita- 
tion. 


In 
Inches. 


Loss  in 
inches. 


t4-31. 
Qber... 

31 

iber.. 
ber... 


256  . 
480 
396 
2,195 
3{M) 


00 

09 
103 
124  , 
124  I 


125 
115 
144 
306 

187 


ITie  year. . 

1897. 

rye 

iiryc 


id,,,, 
nberrf. 

Bfd 

nl^rd. 
iber<*.. 


The  year . 


730 
9,750 
4.400 
3.000 
10.  .380 
2. 1U5 
4..%0 
11.010 
S12 
241 

9.:«o 

11.010 


147 

254) 
575 
322 
322 
198 
198 
172 
114 
94 
IX^. 


307 

2.062 

1.384 

907 

l.(V)() 

492 

710 

968 

191 

137 

1.008 

1.980 

9S3 


.197 
.194  . 
.251  I 
.518 
.320  I 


1.48 
5.83 
5.32 
1.43 
2.04 
4.31 
5.05 
61.44 
2.94 
1.31 
3.82 
.81 


35.78 


2.75 
1.06 
3.30 

.48 


.465 

.536 

3.12 

3.25 

2.10 

2.42 

1.37 

1.53 

2.r)0 

2.88 

.745 

.831 

1.08 

1.24 

1.47 

1.70 

.289 

.322 

.208 

.240 

1.5.3 

1.71 

3.00 

3.  46 . 

1.95 
5.16 
2.88 
2.86 
5.73 
3.10 
6.81 
3.70 
2.12 
1.96 
6.r»3 
3.48 


1.49     I       20.12 


43  I     4<'..28 


1.41 
1.91 

.46 
1.33 
2.85 
2.27 
5. 57 
2.00 
1.80 
1.72 
4.82 

.02 

26. 16 


squares  miles  usc<l  for  uir  yojirs  pxcopt  1904  and  1905,  when  661  was  used, 
oclpitation  for  coinfjh'to  month  .XujruMt.  \s\m\. 

ver  frozen  nt  the  pjj?'  .riiiiiiury  2')  t(^  Fr})ninry  2.  isy7:  no  corn-ctioii  inadr  in  ('stinialr.><. 
timates  July  3  to  rX'c-emlMT  .31. 1X97.  liuMr  to  sonic  error  owing  to  unct^rtainty  of  win'  len^h  <luring 
»eriod. 
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EiUmated  vionUuy  discharge  of  Monocacy  Riwr  near  Frederidc,  Md. — Cofnlinued. 


Dim'hargv  In  necond-fuot. 


Rim-ofl. 


PncipitodoB. 


Month 


Second- 

inches. 

Percent 

Mlnlinum. 

Moans. 

fioetper    . 
Miuarp 
mUe. 

of  pre- 

In     Lonb 
InchM.  indMi 

T.oan 

416 

2. 009 

3.18 

3.67 

95 

1 
3.«6 ;     (B 

•>.5«) 

480 

1.47W 

3.24    1 

2.33 

146 

!.«'  -.3 

5.3m 

437  : 

1.310 

2.00 

2.31      ; 

59 

3.94       L8 

1.H4A. 

3Mt 

(Xa 

1.05  : 

1.17    1 

45 

2.61       Li 

8.«7t» 

:o2 

l.WS 

3.30 

2.76    ! 

38 

7.M       il 

730 

'JAll 

408 

.018 

.600 

58 

l.V),     .« 

n75 

124 

233 

.338 

.390 

12 

8.14      iS 

7.020 

147 

»26 

1.40 

1.61 

24 

6.73       iH 

lUK 

103 

12s 

.194 

.216 

15 

l.«.     I.1I 

ti.  IJiO 

103 

IKK) 

1.05 

1.31 

20 

5.«r7i     ij 

ti.WiH 

2S0 

i.i:« 

i.re 

1.92    1 

43 

4.C'     W 

12.k:io 

4NI) 

i.<.>4:< 

3.94 

3.39 

81 

4.17        .» 

i2.h:>» 

!<» 

i.aii 

\.H^ 

21.67 

47 

4ti.44      3I" 

9.  .'AS 

480 

1.V71 

2.09    ' 

3.45    : 

109  . 

3.16,  -.; 

12.  um 

WS 

2.039 

4.45    ■ 

4.63    1 

88 

5.27        -J 

12.0(H> 

1.370 

3. 428 

5.19    > 

5.98  ; 

115 

5.19     -.J 

7.23U 

:«6 

1.179 

1.79    ; 

2.00 

115 

1-7V  -,l 

2.:*7:i 

322 

(180 

1.03 

1.19    ! 

25 

4.74.     1« 

.-..TOO 

IW 

7.'J0 

1.15    ' 

1.28    , 

41 

3.09    i; 

2SK 

124 

19(i 

.297 

.342' 

11 

3.17       J5 

:»2ri 

103 

20M 

.315  : 

.363  1 

9 

4.021     « 

l.(tt-l 

iCi  1 

:«9 

.4iW 

..V22  , 

10 

.•i.181     ij 

4N0 

;           103 

i3:t 

.202 

.333 

9 

2.64       U 

2. 01 A 

1               1?2 

401 

.008 

.678  1 

30 

2.23       15 

i.s4:> 

124 

449 

.680 

.784  . 

33 

2.35       IS 

12.  (W) 

S5 

1.054 

l.TiO 

21.44    . 

50 

42.78.    fl» 

4.HI)0 

2S8 

1.030 

l.Titi 

1.80    , 

81 

2.22          « 

i:>.s4() 

:f2:i 

2.(Ul 

4.(10 

4.16    I 

73 

0.W        I J 

S.IT.*! 

ii7r> 

2.  ISS 

3.:« 

3.83    ! 

111 

3.44   -  ; 

l.-".".'! 

;i%s 

.'i7»i 

.S7.t 

.974  i 

6K 

1.43           • 

1.7UI 

221  i 

4.ts 

JVA 

.  7tit; ' 

41 

!..•«.        IB 

!.(»■>'."» 

117 

JU 

.44.'* 

.  *H\  i 

11 

4.51         4  01 

71  rj 

a\ 

1.-.4 

.  2;« 

.2IW  I 

S 

3..-M        3.1): 

702 

*» 

\:*\ 

227 

.2li2  1 

8 

.3.1.-.      :■» 

147 

.».• 

>^2. 1 

.  124 

.i;ih: 

ti 

2.31         21; 

172 

S."j 

urj 

.  I'm 

.]?.>  1 

• 

2..W         2.41 

■.\,Ht^ 

Vi 

.    ^'»^ 

.»tSS 

.  7»W  ' 

21 

3  64         i?I 

«..  70.-1 

124 

.VJI) 
71«« 

.7\s 
l.(»U 

.«W  1 

at) 

3.02         2" 

i:..s4l) 

14.'it>    > 

.V 

.17.24        22* 

2. 2V. 

147 

4:1s 

.\*A 

.7«i' 

27 

2.S2         2<6 

.-•2:1 

2--'«-. 

^^^ 

4«iS 

.TilO  1 

«) 

.75           S 

i:..ri;u» 

■J.'Ki 

2.  U.7 

:i.2^ 

:i.7s   1 

(%) 

.'1. 4S         l.?9 

12. ^NK) 

♦■i7.'i 

2. 742 

4  i:. 

4.t«    , 

72 

.1.47         I.M 

W.  KM) 

:«>«•. 

i.r.2i 

2  M\ 

2.U'-.    ' 

49 

5..V.        2.n 

2.i».'M) 

■Jxx 

s:fi 

\ .  27 

1.42 

33 

4.2I-.         2S4 

7M\ 

172 

;iH. 

.17'» 

..'v>2  ' 

11 

.^04          4« 

1 .  SI,-. 

147 

44.-. 

•.71 

13 

6  22         ^44 

i.:i2n 

172 

2'.«i 

I4^ 

.:*t)  j 

13 

3.77         3  5 

:i4.i 

172 

2i»^ 

4»k; 

.4frf<l 

34 

1..1S          -M 

■l.(MN) 

l'»s 

4M) 

.  727 

.Kll  ' 

31 

2.»         1-2 

14.744) 

:i.v 

2.:ii:< 

:;  .-rf) 

4.04     i 

52 

7.7ii         .1- 

_ ..    .  . 

_  -   - 



.' 

i:..r.:«) 

147 

i.oi;< 

I.:,;; 

20. ')2 

40 

M.90       .11* 

1H98. 

Jiiiiiuir>' 

M»niarya..., 

March I 

.VpriJ i 

May , 

.1  unc 

July 

.\iifrii>«t 

A'ptomU'r 

<)cto)M>r 

N(»vriiiUT 

IKHvniUT 

Tho  y«»ar 

1899.  '^ 

January  f» 

Ki»l)niaryt 1 

Mun'h 

.\pril 

May 

J  unc j 

July I 

AiiKUAt 

S<'pt4*nilicr 

OrtoU^r 

Novmnlvr 

I)«tvniU»r* 

Th«?  yt'ur. 

1000. 

January  f 

Kohruarvf | 

Man-h 

.\pril 

Mhv 

Jinl.' 

.Inlv 

\u>;ust 

S^'pti'inN'r*' 

OrtolM-r 

N'ovi'iiil»««r 

Ih'tfiiiU'r 

Thi'  yi'nr  . 

1U)1. 

Jniiiijiry 

Ki'hniJirv 

Mjin-h    .' 

April 

Mh\ 

.lUIli' 

.Inly 

.\\iiriist 

S<-pt«MiilH'r 

OiHiIhT 

N'm\«-iiiIht 

I)«'ct«inlH»r 

Tlio  y«'jir I 

«'  Unrr  (ro»Mi  F»'l»ruiiry  2  -  '.».  1-V)h;  no  e(»rn'rti<>n  nui'l*'  in  r«.ti!n.Mi"<. 

'' HiviT  fro7i»n  jit  thi*  pip' Jnnmiry  2.  Fol>ru«ry  «.»  21.  jin«i  Di-ii-rnlMr  2^  :{l.  ISOO:  no  i-ornvtion  ms* '" 
th<'  i'»*tiniHt<'s. 
c  HiviT  fn»z<»n  at  th<>  pim*  Jfinuary  1  •»  iiri<1  Ki»l)rnjiry  1  4.  P.toi);  n«»  tnrnrtion  made  in  the  citimaK^- 
•J  DLschar^i.'  int<'rpolat4'<l  .SeptcniU'r  J.i,  I'JOO. 
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I  monthly  discharge  of  Monocacy  River  near  Frederick ,  Md. — Continued. 


Discharge  in  second-feet. 

Rim-off. 

Precipitation. 

Second- 

Depth 

in 
inches. 

3.37 

.Percent 

Maximum. 

Minimum. 
437 

Means. 

feet  per 
square 
mile. 

of  pre- 
cipita- 
tion. 

In 
inches. 

Loss  in 
inches. 

12,950 

1.924 

2.92 

93 

3.61 

0.24 

19.200 

960 

3.902 

.5.91 

6.15 

127 

4.85 

-1.30 

20.460 

785 

4,677 

7.09 

8.17 

173 

4.72 

-3.45 

12,800 

480 

2.261 

3.43 

3.83 

134 

2.85 

-  .98 

575 

226 

339 

.514 

.593 

55 

1.08 

.49 

1,845 

147 

323 

.489 

.546 

12 

4.44 

3.89 

1,680 

124 

335 

.508 

.586 

16 

3.74 

3.15 

575 

60 

143 

.217 

.250 

15 

1.67 

1.42 

3.700 

55 

232 

.352 

.393 

9 

4.52 

4.13 

^       8,385 

172 

1.157 

1.75 

2.02 

28 

7.20 

5.18 

4.000 

198 

552 

.836 

.933 

28 

3.28 

2.35 

11.960 

730 

3.981 

6.03 

6.95 

110 

6.33 

-  .62 

20,4fiO 

55 

1.652 

2.50 

33.79 

70 

48.29 

14.50 

10.500 

730 

3.319 

5.03 

5.80 

123 

4.72 

-1.08 

16.260 

1.15.S 

3,124 

4.73 

4.92 

86 

6.78 

.86 

16.470 

900 

3.400 

5.15 

5.94 

105 

5.66 

-  .28 

16.680 

840 

3.532 

5.35 

5.97 

105 

5.69       -  .28 

9,540 

3,W 

898 

1.36 

1.57 

42 

3.78          2.21 

16.260 

437 

1,806 

2.74 

3.06 

35 

8.68          5.62 

13.740 

52.'-. 

2.342 

3.55 

4.09 

76 

5.36           1.27 

6,7a5 

288 

1.063 

1.61 

1.86 

28 

6.74  1        4.88 

5,700 

2rA\ 

795 

1.20 

1.34 

47 

2.84           1.50 

1.930 

226 

477 

.723             .834 

26 

3.16          2.33 

437 

198 

239 

.362             .404 

40 

.99             .89 

6.<«2 

172 

540 

.818             .943 

1 

42 

2.26  j        1.32 

16,<i80 

172 

1.795 

2.72    '      30.72 

66 

55.66         18.94 

14.800 

260 

1.060 

1.61 

1.86 

,54 

3.46 

1.60 

S.  7,'»8 

294 

1,502 

2.26 

2.44 

122 

2.00 

-  .44 

11.960 

r>38 

1.812 

2.72 

3.14 

97 

3.23 

.09 

2.400 

294 

729 

1.10 

1.23 

56 

2.21 

.98 

789 

198 

375 

.561 

.(>47 

22 

2.98 

2.33 

4.300 

144 

817 

1.23 

1.37 

29 

4.80 

3.43 

2.76.5 

120 

58«i 

.881 

1.02 

17 

5.88 

4.86 

7.130 

80 

4;w 

.(V5<) 

.756 

18 

4.32 

3.  ,56 

734 

HO 

251 

.:m         .421 

17 

2.49 

2.07 

960 

80 

209 

.314  '          .362 

17 

2.12 

1.76 

228 

120 

138 

.208             .232 

17 

1.37 

1.14 

3.9a'i 

120 

549 

826  1          .9.52 

30 

2.63           H» 

14.800 

80 

706 

1.0<i           14.43 

38 

j     37.49  '      23.06 

12, 170 

.'>:<8 

l.nlXi 

2.26            2.«1 

63 

4.15  i        1.64 

7.-^ 

1             :^i8 

409 

.615  1           .640 

35 

1.83 

1.19 

.    9.440 

.'>.3S 

3,0.'i6 

4.<iO     '        5.30 

129 

4.11 

-1.19 

2,2J) 

3(i8 

790 

1.19 

1.33 

49 

2.71 

1.38 

4m 

170 

279 

.420 

.484 

26 

1.84 

1..36 

2.860 

144 

748 

1.12 

1.25 

21 

.5.88 

4.63 

6,6(V. 

2tlO 

1.296 

1  9.5             2. 25 

27 

8.32 

6.07 

13.640 

228 

1.427 

2. 15             2  48 

46 

5.40'        2.92 

2. 1.30 

170 

546 

.821              .916 

29 

3.17           2.2.5 

2,04:. 

144 

nK\ 

.877  ,        1  01 

23 

4.:«)           3.. 38 

H.aV) 

198 

.390 

..586  1           .&54 

32 

1       2.00  '         1.3;5 

13. IMO 

408 

2.124 

3. 19               .  :«i8 

II 

1       4.7,5            1.07 

13.610 

144 

1.096 

I.Tm         22.ro 

47 

1     4H..V.         2.5.9.5 

ruzcn  at  the  gape  iM>hniary  A  19.  1902.  no  corrt'otion  mndv  in  tho  ostinintos. 
rozen  at  tho  gage  .faniiarv  12  JO.  1'.K).3;  no  corn'ction  made  in  th«'  <'stimat4'.s. 
rown  .January  4  ^ian*!  K<'l>riiary  1-5  '22.  VM)i:  no  pornM'tJDn  ina<h'  in  thrcsriniatr 
rozen  January  27  to  Ft-hrimry  2.s,  19(3.5;  no  cornrtion  made  m  the  t'Ntiniato.s. 


^2—07 


-12 
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THE  POTOMAC  BIVER  BASIN. 


Estimated  monthly  discharge  </  Monocacy  River  near  Frederick,  Ma. — Continued. 


Month. 


1906. 

JHniiary 

February  «.. 

March 

-\pril 

May 

June 

July 

AUffUHt , 

Septoinl)er. . , 

Octolwr 

November... 
December... 


The  j-ear 


Run-off. 

PMipiUtn 

Maximum. 

Minimum. 

493 
260 
584 
632 
228 
228 
198 
260 
198 
198 
260 
2<iO 

Moans. 

Second- 
feet  pctr 
square 
mile. 

Depth 
Inches. 

Percent 
of  pre- 

Id     Loan 
farbM.  ivba 

13.170 

1.657 

824 
2.276 
2.877 

422 
1.087 

284 
1.776 

290 
1.494 

418 
1.438 

2.51 
1.25 
3.45 
4.36 

.639 
1.57 

.430 
2.70 

.430 
2.25 

.633 
2.17 

2.80 
1.30 
3.98 
4.86 

.737 
1.75 

.496 
3.11 

.490 

.706 
2.50 

3.905 

A 

12.220 

A 

10.790 

i ^ 

734 

fi  200 

i:::::: 

584 

lo.aoo 

682 

7,700 

734 

\\\\\\\''ZZ 

6.605 

■ 

16  790 

198 

1.232 

1.87 

25.41 

i 

3Zon  at  the  | 

paKe  ^cbrua 

ry  6-«.  190 

6;  no  correction  made  In  the  estimate. 

The  following  table  gives  the  horsepower,  80  per  cent  efficiaicj 
per  foot  of  fall,  that  may  be  developed  at  different  rates  of  dischaipi 
and  shows  the  number  of  days  on  which  the  flow  and  the  correspond- 
ing horsepower  were  respectively  less  than  the  amounts  given  in  d« 
columns  for  '* discharge"  and  ** horsepower." 

Discharge  and  horsepower  table  for  Afo/wicary  Rlirr  near  Frederick^  Md.  ,from  1896  to  IM 


Ilorsi'- 

Diivs  1 

>f  (lolloiont  flow. 

Dis- 

powor. 

chjirj^c 

80porc«nl 

in  SJH«- 

filiciciicy. 

' 

(HUl-flH't. 

IK' r  foot 

US!Hi.«i 

l.Sl»7. 

1«»S. 

IMJ*.".  1 

1«»00. 

IWl.  ' 

1902. 

190a. 

i\m. 

i^os. 

igcb. 

110 

lull. 

_  . 

—  \ 

4 

Hi 

1 

-"• 



10 
22 

29 

l»l 



^\ 

..   .    . 

31 
27 

(i 

22 

1.H2 
154 

12 
14 

74 

v.* 

45 

:j7 

4S 

75 

11«» 

3S 

48 

7S 
H5 

142  IT 

S 

...... 

17li 

10 

114 

ryi 

5s 

KN) 

las  1     25 

72 

4 

m 

i; 

ms 

IS 

115 

iui 

5".» 

1(N). 

ir.^       25 

72 

4 

123 

n 

•ilt) 

20 

12S 

S<i 

(^S 

lis 

174 

74  , 

<)4 

J5 

.J29 

3d 

11 

27.') 

2:) 

l.-Vi 

115 

w 

14t» 

I'.Ml 

l.il  ' 

115 

&V 

\32 

:» 

fC 

:U) 

:tt) 

142 

i:«) 

IK. 

UVA 

•2\:\ 

l.V)  . 

147 

7H 

lit; 

m 

w 

:ttr» 

.V) 

142 

14<.( 

12;{ 

JiV.i 

224 

H'^'i 

152 

U4 

2H> 

iM 

13fi 

44() 

40 

145 

171 

VXs 

1.S7  ' 

244 

•204  ' 

170 

12S 

210 

m 

L£4 

41»5 

45 

147 

m 

157 

20«i 

2.%4 

2H. 

17J; 

I'M 

2&t 

1^ 

171 

oM 

50 

147 

V.fJ 

Kill 

2i:i  . 

2»i.'» 

22<»  ' 

1S5 

i:is 

2ffl> 

2ns 

m 

t'4'4) 

UJ 

14S 

•»y 

2(Ni 

'2M 

275  1    24:; 

2t)7 

154 

SK-i 

2a> 

M 

770 

7f) 

I4» 

24.S 

•SM 

24;  J 

2«.»H  1     2ii4 

1 

217 

173 

2ti7 

.: 

sas 

a  A 

iglist  J 

I  to  l)«-< 

'Ollihi 

r.11.  18*.«i. 

NoTK.— Tin*  iiiiiiiiiiuni  flow  iluririg  Iho  iktioiI  fovon'*!  l»y  tho  nlMJVf  t^Mo  was  49  second-feet. gi*"'^ 
4.5  hor.st'power  per  foot  of  fall  for  four  consct^utivc  tlu\j>  during  August,  1900. 
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POTOMAC  RIVEB  AT  GREAT  FALLS,  MS.,  AMD  AT  CHADT  BRIDGE,  D.  0. 

Sstimates  of  the  flow  of  Potomac  River  at  Chain  Bridge  and  at 
eat  Falls  are  not  considered  sufficiently  accurate  for  republication 
ing  to  poor  conditions  at  the  Chain  Bridge  section  and  the  effect 
the  flow  of  the  river  of  a  daily  range  of  tide  of  about  3  feet.  Esti- 
ttes  at  Great  Falls,  as  previously  published,  were  based  on  the  dis- 
irge  at  Chain  Bridge,  and  hence  are  subject  to  the  same  errors, 
e  flood  discharges  as  determined  at  these  two  stations  are  probably 
jurate  enough  for  all  practical  purposes,  but  for  medium  and  low 
ges  the  estimates  are  considered  too  high  and  likely  to  be  very 
sleading  if  used. 

BOOK  OBSEK  AT  LTOIPB  MILL  AMD  ZOOLOGICAL  PARK,  D.  0. 

Rock  Creek  rises  south  of  Laytonsville,  in  the  central  part  of  Mont- 

tnery  County,  Md.,  and  flows  southward  into  Potomac  River  at 

ashington,  D.  C.     The  total  drainage  area  at  the  mouth  is  86  square 

les. 

A.  study  of  the  discharge  of  Rock  Creek  )vas  begun  in  July,  1892, 

the  request  of  the  Commissioners  of  the  District  of  Columbia, 
gust  18,  1892,  a  self -registering  gage  was  placed  at  Lyon's  Mill 
ad  Bridge,  at  the  east  corner  of  Oak  Hill  Cemetery,  Georgetown, 

C.  C.  Babb.     The  gage-height  record  was  continued  until  Novem- 
•  30,  1894. 
Fanuary  18,  1897,  a  new  station  was  established  by  E.  G.  Paul  at 

Park  Bridge,  near  the  eastern  entrance  of  the  National  Zoological 
rk,  Washington,  D.  C.  The  staff  gage  was  above  and  within  the 
uence  of  a  dam.  Measurements  were  made  at  various  cross 
tions.  The  bridge  was  rebuilt  and  the  gage  destroyed  in  November, 
10. 

The  estimated  discharge  of  Rock  Creek  at  Lyon's  mill,  which  is 
)lished  below  for  the  first  time,  is  probably  within  5  per  cent  of 

true  discharge  above  gage  height,  — 0.3  foot.  Below  gage  height, 
).3  foot,  the  probable  error  may  vary  from  5  to  15  per  cent.  The 
?ct  of  ice  conditions  is  not  known. 

!»Jo  estimates  are  possible  for  Rock  Creek  at  Zoological  Park,  owing 
the  insuflScient  range  of  stage  at  which  measurements  were  made. 

Discharge  measHrcmcnis  of  Rock  Creek,  at  Lyon^s  mill,  Washington,  I).  C. 


Date. 

1»»2. 

y28.. 

K"st2 

RU8t3..              

gusts 

I   i,;-^;       DiM-hargc. 


Date. 


Fttt.      Sfionii-fttt 
0.  (H)  H«»      Aprilll 

-  .M)  I'.t    I  Mav  4 

-  .:«)  4.S   I 

.  ly                    MM                            1S1>4. 
'  '    Mav  7    


^i.    I  »>>^»''^^P" 


Fict.      Sccnml-ftft. 

-  .12  :.x 

4. 14  *m 
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THE   POTOMAC   RIVER   BASIN. 


Discharge  measurements  of  Rock  Creek  re/erred  to  Zoological  Park  Bridge  gage^  DUind  t 

Columbia. 


Date. 


1897. 

August  18o 

November  216.. 

181)8. 

January  28c 

May  18c 


hogTt.  !l>l«*harge. 


Feet. 
2.90 
3.00 


3.23 
3.20 


Second-feet 
26 
37 


Date. 


1900. 
April  24  «i 

1902. 
February  27 «*..- 


\      Diachugt 


Feet.     Sieomi-m- 
2.75  71 


a  Measured  at  Woodlcy  Bridge. 
b  Measured  at  Klinglo  Ford. 


c  Measured  at  Lyon's  mill, 
(t  Measured  at  Rustic  Bridge. 


Daily  gage  height  y  in  fed,  of  Rock  Creek  at  Lyon's  miU,  Washington,  D.  C. 
Day.  Aug.     Sept.     (X*t.     Nov.      Doc.  Day. 


Dav. 


1802. 
1           

-0.65 

2 

-   .69 

3               

—  .6»i 

4 

-   .62 

5 

6 

-  .71 

-  .68 

7 

-  .67 

-  .72 

8      

« 

-  .71 

10     

-  .71 

11     .... 

-  .72 

12  

-  .72 

-  !io 

.0() 

-  ..">8 

13 

14 

15 

10 

0.65    -0.68  -0.68 

.70  -  .70 

.72  -  .64 

.72  -  .61 

.72  -  .68 


I 


68  ^- 

58    - 

-  .65  I- 


-0.40 

-  .52 

-  ..55 

-  .56 

-  .54 

-  .5;^ 

-  .53 

-  .50 

-  .52 

-  .53 


1892. 


.\ug.     Sept.     Oct.     Nov  I  Deb  I 


70  '-  .25 

- 

70    -  .51 

— 

71    -  .45 

_ 

72    -  .54 

-f 

70         .44 

+ 

.60 
.30 

.m    31 


18 

-0.58 

19 

-  .60 

20 

-  .60 

21 

-  .63 

22 

-  .63 

23 

-  .62 

24 

-  .62 

25 

-  .58 

26 

-  .61 

27  ...   . 

-     66 

28 

-     61 

29 

-  .68 

.W 

-   .fi8 

-  .65 

_ 

.68  ,- 

.42 

-  .72 

_ 

.««'- 

.55 

-  ,T> 

— 

..W   + 

.22 

-  .72 

— 

.68   - 

.31 

-  .70 

.63   - 

.o2 

-  .55 

_ 

.ta  - 

..52 

+  .50 

_ 

.62  i- 

.« 

.«) 

_ 

.62   - 

..» 

-  .58 

.70  - 

.61 

-  .60 

.a-i  — 

.61 

-  .62 

•  Ti-'i    - 

.61 

-  .66 

.66    - 

.KS 

-   .65 

_ 

.65   - 

..11 

-   .08 

— 

.m  - 

.♦i 

- 

.as 

-J 


Jun. 


Mar.      Apr.      May.     .Inne.     July.      Viic:.     iSopt.      Oft.     NV.    I>Pt 


1 4-1.  (M> 

<> 

4-1.  •'2 

.{ -    .17 

4 

>(> 

.')               .                -   .2H 

I.                               -     '2i\ 

—      41 

s 

—    .  .'»!♦ 

ID 

-    .40 

-    .  2.S 

11 

-   .20 

IJ 

-   .41 

i;{ 

-   .41 

14 

•x\ 

1.') -  .:C) 

li>        .    .                      -    .  10 

17 

-  .  :i2 

IS 

-   .32 

-      32 

21)  .... 

-  .:t{ 

21 

•  >•> 

.;n 

2;{    

24 

2.-, 

2»1 

.  ;w 

-  -  .;{»•. 

-   .id, 

_ -.21 

27                  ....  -\    .  1.') 

2.S 

4-    .23 

2*» 

.'«)       

4-    .1.') 

4-    .  l.'> 

31 

-  Ab 

.21  4-i.;is 

;     .12  4-.  :>4 

.  l.'>  +   .  22 

4-   .03  4-    .  IS 

I       .31  .00 


0.27  4-0.10    -0.30-0.42    -0.75    -0.70  -0.S7  -fl.«'1  -' 

.:w  -  .10    -  .22    -  .47  ,-  .76    -  .««;  -  .SS  -  .fvi  - 

..r.  -     .20  |-   .13    -   .50    -  .80    -   .SO  -   .90  .tw  + 

..30  4-4.20    -  .17    4-1.00    -  .79    -   .  S2  -   .NO  -  ■'^  ^ 

..30  4    .:.'>    4-   .20    4-   .16    -   .76  I-   .91  -    .70  -  ■«  ' 


.(H) 
.44 
.02 


.01 
.00 
AXl 
.40 
..V) 


4-   .2.')  4-    .OS 

4-    .-20  r   .22 

+  2.(K)  4-   ..34 

+  i.;io  .00 

4-  .a^)  I     .00 


.:r2  f 

.  .32  + 

.M)  4- 
..30 

.;io  4- 

.20  - 

.2H  - 

.OS  - 
.  I: 


.  2.)  - 

.*->  - 

.25  - 

.45  - 


.52      -  .79  -   .{f2 

..55    -   .NO  -  .90 

.60     -   .85  -   .93 

.85  -1.00 

.8»i  -  .<»9 


.00 

.4S 


..-)0 


.  r)  -  .  10 

.  12  .  10 

.00  -  .(V. 

.04  -  -Oil 

.  12  -  .  10 


.  12 

.  12  - 

.  15  -     .  45 

.00  -  ..V) 


..V>  -   .88  - 

.60  -  .90  - 

.•K)  -  .00  - 

.61  -   .95  -f 


09    -   .  15 


.51    4-2.20      -1.00 


AY.) 
.•M\    4- 


.  15  - 

.40  - 

.'22  .00  - 

.2»i    -   .0.')  - 


.  10 


.18  -1.00 

.40  -l.(K) 

..34  -   .90 

.45  -l.(X) 

..')3  -1.05 


.  32 
AY.) 
.4»1 
.  12 


4-    .  10 
.00 


.  10  f    .40 

.10  .00 

.11  +    .  is 

.(>■>  -    .O.'i 

.0"  .  22 

.().-)  .21 

.OS  f     .  20 

.OS  4     .20 

.OS  .00 

.OS  4-    .  HI 


AW 


-   .96 
-l.OK 

..V)       A'^^^  -  ..ss 

4-   .47    -   .67    -1.00 
-   .32    -    .69    -l.a') 

.37     -   .70  1-1.09 


.07 
.12 
.  !.'> 

.'20 

.'20  -   ..T)     -  .Tk')  -   .92 

.  12  -   .3«»    -  .71  -  .m 

.12  -   .  40    -  .71  4-l.;V> 

.  1.-.  -   .45     -  .72  -  .50 

.02    1-  .74  i-  .SO 


.50 
.♦iO 
.62 
.ri8 
.S5 

.90 
.SO 
.90 
.90 
.92 

.94 

.85 
.85  ' 
.80 
.80  I 


-  .  75  -  .«• 

-  .SO  -  .* 

-  .SI  4-I.'^'> 

-  .82  4-    05 

-  .{*)  -  .X, 

-  .W  -  .J* 

-  .90  -  .4=1 
h2.20  -  .* 

-  .20  .^ 

-  .'f)  -  S 

-  75  -  ."W 

-  Ad  -  .* 

-  .70  -  .4) 

-  .75  -..V) 


.;«  -  .30 

.40  ~  M 

..54  -.35 

.61  -  .3fi 

.61  -  .■*« 

.60  4-    S5 
.60        .flO: 

.60  -  .15 

.60  I 
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"^If  9^9^  height,  in  feet ,  of  Rock  Creek  at  Lyon^s  mill,  Washington,  D.  C. — C^ontinuod. 


Day. 

.  Jan. 

1 

Feb. 

JMar. 

1 

Apr. 

May. 

-0.45 

-  .41 

-  .39 

-  .34 

-  .20 

+  .21 
+  .60 
+  .03 

-  .20 

-  .26 

-  .28 

-  .28 

-  .29 

-  .31 

-  .31 

-.a. 

-  .48 

-  .32 

-  .28 
+  .65 

+  .23 

-  .10 

-  .27 

-  .30 

-  .33 

-  .30 

-  .30 

-  .32 

-  .36 

-  .36 

-  .36 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

-0.10 

-  .50 

-  .10 
.00 

-  .45 

-  .50 

-  .56 

-  .60 

-  .30 

-  45 

-  .50 

-  .ISO 

-  .60 

-  .65 

-  .70 

-  .70 

-  .70 

-  .70 

-  .66 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .66 

-  .70 

-  .70 

-  .70 

Dec. 

1894. 

-0.22 

-  .32 

-  .34 

-  .31 

-  .33 

-  .30 

-  .31 

-  .33 

-0.14 

-  .14 

-  .28 

-  .30 

-  .36 

-  .30 

-  .30 

-  ..^1 

-0.20 

-  .12 
+  1.00 
+  .62 
+  .12 

+  .04 
+  .05 

-  .05 

-  .12 

-  .21 

-  .20 

-  .20 

-  .22 

-  .25 

-  .24 

-  .24 

-  .22 

-  .23 

-  .23 

-  .23 

-  .21 

-  .20 

-  .18 

-  .20 

-  .20 

-  .17 

-  .20 

-  .20 

-  .22 

-  .21 

-  .22 

-0.24 

-  .24 

-  .26 

-  .25 

-  .30 

-  .36 

-  .36 

-  .28 

-  .28 

-  .18 

+1.18 
+  .69 
+  .ti5 
+  .21 
.00 

-  .07 

-  .11 

-  .15 

-  .18 

-  .19 

-  .22 

-  .25 

-  .30 

-  .33 

-  .37 

-  .31 

-  .39 

-  .34 

-  .40 

-  .42 

-0.40 

-  .41 

-  .44 

-  .50 

-  .51 

-  .51 

-  .52 

-  .65 

-  .64 

-  .64 

-  .66 

-  .68 

-  .69 

-  .71 

-  .73 

-0.60 

-  .60 

-  .50 

-  .60 

-  .40 

-.«, 

-  .60 

-  .70 

-  .80 

-  .50 

-  .20 

-  .60 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .75 

-  .80 

-  .80 
.-  .75 

-  .75 

-  .75 

-  .76 

-  .76 

-  .75 

-  .72 

-  .70 

";!! 

,D.C 
Oct. 

2.8 

2.85 

2.8.5 

2.85 

2.85 

2.85 
2.85 
2.85 
2.85 
2.85 

2.85 
.3. 15 

2.85 
2.85 
2.85 

2.85 
2. 85 
2.9 
2. 9 
3.0 

3.0 
2. 95 
2.95 
3.0 
3.1 

.3.1 

,3.0 

2.95 

2.9 

2.9 

2.9    1 

5.. 

-0.85 

-  .80 

-  .80 

-  .82 

-  .85 

-  .85 

-  .80 

-  .70 

-  .(» 

-  .55 

-  .65 

-  .70 

-  .65 

-  .(>5 

-  .65 

-  .fi.5 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 



I 

4 

5 

6 

7 

8 

9.. 

!—  .31  '—  -.^ 

-  .85 

-  .92 

-  .92 

10 

-  .33 

-  .33 

-  .28 

-  .31 

-  .24 

-  .24 

-  .24 

U  .26 

-  .30 

-  .27 

-  .28 

-  .32 

-  .34 

-  .20 

.00 
+  .12 
4-  .42 

11 

12... 

13 

U 

15 

16 

....... 

8 





J 

—  .29-4-     65 

).. 

-  .30 

-  .26 

-  .24 

-  .20 

-  .21 

-  .20 

-  .20 

-  .20 

.00 

-  .12 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  26 

-1.10 

-1.10 
-1.10 
-1.00 
-1.10 
-1.20 

-1.25 
-  .90 
-1.20 
-1.10 

-  .21  ;-  .20 

-  .16  ! 

+  1.00   

.00   

. 

at  Zo 
July. 

3.1 

3.1 

3.1 

.3.05 

.3.05 

.3.05 
3.a5 
3  6 
3.15 
3.1 

,3.1 

3.25 

.3.3 

3.3 

.3.1 

.3.0 

l\ 

.3.45 
3. 25 

3.25 
4.0 
.3.4 
3.1 
3. 0.5 

.3.0 

.3.  45 

4.3 

3.1 

3.1 

3.1 

ologicn 
Aug. 

a  Park 
Sept. 

2.8.5 
2.85 
2.85 
2.85 
2.85 

2.85 

2.8 

2.8 

2.8 

2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 

2.8 

2.0 

2.85 

2.S 

2.8 
2.8 
2.9 
3.2 
2.9 

2.8 
2.8 
2.8 
2.8 
2.8 

1 

1 

JaUyg 

age  hex 

ght,  in 
Mar. 

feet,  C 
Apr. 

2.3 

2.25 

2.25 

2.25 

2.5 

2.(>5 

2.45 

2.4 

3.15 

2.9 

2.6 
2.5 
2.4,5 
2.45 
2.4 

2.45 
2.  Ao 
2.4 
2.35 
2.3 

2.3 
2.3 
2.3 
2.3 
2.  3 

2.25 
2. 25 
2.2 
2.25 
2.25 

^fRod 
May. 

f  Creek 
June. 

• 

Day. 

Jan. 

Feb. 

Nov. 

Dec. 

1897. 
1 

2.9 

3,5 

4.15 

3.45 

3.15 

3.25 

425 

2.7 

2.45 

2.4 

2.3 

2.45 

2.6 

2.6 

2.7 

2.45 

2.35 

2.3 

2.3 

2.25 

2.4 

3.75 

41 

2.9 

2.6 

2.5 
2.45  1 
2.45' 

\'.\\V.\\ 
! 

2.35 
2.;i5 
2.35 

2.J5 

2.35 

2.4 

2.35 

2.35 

2.35 

2.3 

2.3 

2.35 

2.4'> 

2.6 

2.4 

2.3,1 

2.95 

2.85 

3.05 

2.9 
2.  fVS 
2.55 
2.5 
2.5.«» 

2.4 

2.4 

2.35 

2.3 

2.3 

2.3 

2.3 

2.4 

2.45 

2.55 

2.5 

2..% 

2.3 

2.2 

2.2 

2.15 

2.2 
2.5 
3.7 
2. 65 
2.95 

2.6 
2.5 
2.4 
2.4 
2. 35 

2.  3 
2.3 
2.25 
2.  r> 
,145 

2.5.5 

2.4 

2.35 

2.3 

2.3 

2.25 

2.3 
2.5 
2.(>5 
2.95 
?.15 

.3.1 

.3.25 

.3.4 

.3.45 

.3.4 

3.4 
3.35 
.3.  ,35 
3.  .35 
3.  .35 

.3.  .35 
3. ;« 
3.  .35 
.3.2 
.3.3 

3. 25 
.3.15 
3. 15 
3.  15 
3.  25 

3.  15 
3.1     1 
3.1     ' 
3.1 
3.1 

.3.05 

.3.0 

,10 

2.95 

2.95 

.3.0 
2. 95 
2.95 
2.95 
2.95 

3.0 

.3.0 

2.95 

2.9 

2.9 

2.95 

.3.0 

2.9 

2.9 

2.9 

2.9 
2.9 
2.9 
2.  95 
2.9 

2.9 
2.9 
2.85  ' 
2.85  1 
2.85  1 
2.85; 

3.1 
3.5 
,3.3 

ai 

3.0.5 

3.0 

2.95 

3.0 

.3.2 

3.35 

3.1 

3.a5 

,3.05 

.3.0 

3.05 

.3.1 
3.05 
3. 05 
3. 05 
3.05 

.3.0 
,3.0 
3. 05 
3. 05 
3.0 

.3.05 
3. 95 
3.3 
3.15 

.3.05 

2 ::::::::;!::::::: 

.3.05 

3 ; 

.3.05 

4 

5 i 

.>.25 
3.9 

6. 

,3.35 

7.... 

.3.2 

8..:        :     '  ■• 

3.15 

9. 

3.1 

D. 

3  1 

1.. 

3  1 

2.        

3.1 

3.     

,3.1 

4. 

,3.25 

5.     

4  3 

6.                       1 

3  35 

7   

3. 2 

S.      

3.0 

2.95 

2.9 

3.15 

3.3 

3.35 

ao6 

2.85 

3.0 
2.9 
2.9 
2.06 
2.9 
2.9 

3. 15 

».. 

3  1 

0... 

,3.  1 

1.. 

.3. 15 

a.  

3  2 

21.. 

.3.2 

54.    

3  3 

t5... 

3. 05 

S6. 

,3.1 

r7. 

3.  1 

^..: 

3.05 

!».. 

3.0 

ip.. : 

3.1 

^.     :: 

a.1 
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Daily  ijagr  height,  in  feet,  of  Rock  Crtek  at  Zoological  Park^  D.  T.— Omthnied. 


Day 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

sept. 

1  Oct. 

r 

Nov. 

D«c. 

IHHK. 

1 

3.1 

3.15 

.11 

13 

15 

^95 

2.85 

2.8 

2.46 

2.3 

218 

1» 

2 

2.05 

3.15 

.11 

12 

15 

2.95 

2.8 

2.8 

2.4 

2.36 

2.(iS 

J« 

3 

3.1 

3.1 

.11 

12 

15 

Z95 

2.8 

2.8 

2.4 

2.35 

2.6 

U 

4 

3.05 

3.1 

.115 

11 

10 

2.9 

2.8 

2.8 

2.4 

.    2.4 

2.6 

m 

5 

1105 

3.05 

3.15 

12 

15 

2.9 

2.85 

&9 

2.4 

1    2.4 

2L6 

ifi 

« 

3.0 

3.05 

3.1 

115 

12 

2.9 

2.86 

2.86 

2.4 

2.4    ; 

2L«5 

IIS 

7 

3.  as 

3.05 

:ii 

11 

195 

2.9 

2.8 

2.8 

2.4 

2.4    j 

2.65 

19 

8 

3.05 

3.06 

11 

11 

14 

2.9 

2.8 

2.8 

2.35 

2.36> 

2.6 

i« 

9 

3.a5 

3.1 

105 

11 

13 

2.9 

2.8 

^9 

2.A 

2.35 

2.6 

185 

10 

3.9 

ai 

las 

11 

10 

^9 

2.8 

&46 

2.35 

2.35 

2.fi5 

£S 

11 

3.35 

3.1 

105 

105 

10 

2.9 

2.8 

17 

2.35 

2.35 

14 

23 

12 

3.2 

3.1 

las 

115 

115 

2.9 

2.75 

4.0 

2  3 

2.4 

1S5 

!« 

13 

3.3 

3.1 

las 

115 

115 

2.9 

2.75 

4.15 

2.3 

2.4 

i7 

1» 

14 

3.2 

3.  as 

las 

115 

115 

12 

2  75 

195 

2.3 

2.45 

2.ri5 

1* 

i:> 

JLA 

3.«i 

las 

115 

11 

2.9 

2.8 

2.75 

2.3 

2.4 

IM 

i* 

Hi 

4.1 

:i.05 

las 

11 

11 

2.K5 

2.8 

2.8 

2.3 

2.46- 

2.fiR 

u 

17 

3.3 

:*.o 

1-25 

11 

19 

2.86 

2.75 

Z56 

2.3 

2.46 

2.8 

175 

I» 

3.25 

3.05 

12 

11 

11 

2.H5 

2.75 

2.55 

2.3 

2.4 

125 

13 

Itt 

.•i.16 

3. 25 

11 

Hi 

11 

2.9 

2.96 

115 

2.3 

2.9 

4.05 

IS 

20 

3.2 

3.5 

11 

12 

11 

2.K5 

2.9 

2.75 

2.3 

2.75  1 

11 

1£ 

21 

3.35 

3.75 

105 

13 

13 

2.K5 

2.9 

2.75 

*2.25 

2.«    , 

2.85 

13S 

22 

3.2 

3.4 

las 

13 

15 

2.S5 

2.8 

2.7 

2.3 

2.75 

2.8 

1« 

23 

3.25 

3.25 

105 

13 

15 

2.R 

2.75 

2.6 

2.45 

2.9 

2.R 

At 

24 

3.3 

3.2 

11 

11 

15 

2.8 

2.76 

2.0 

2.R 

2.7 

2.8 

3.05 

2.'» 

3.15 

:{.15 

15 

115 

las 

2.8 

2.75 

2.55 

2.36 

2.tV6' 

2.75 

1« 

2«> 

3.4i5 

3.1 

12 

11 

15 

2.8 

2.75 

2.66 

2.85 

155, 

18 

18 

27 

a.4 

3.1 

11 

HV5 

15 

2.8 

11 

2.5 

X3 

2.6 

2.7.S 

iS 

2S 

3.25 

ai 

11 

11 

10 

11 

11 

2.6 

2.3 

2.0    1 

2.75 

1* 

29 

•3. 15 

1 15 

11 

10 

2.95 

10 

2.5 

2.3 

2.6    . 

2.8 

27 

«) 

3,15 

1115 

11 

2.  as 

2.9 

2.8 

Z5 

2.3 

2.86  1 

2.85 

ITS 

" 

3.15 

145 

2.  as 



2.8 

2.45 

2.95  ' 

iss 

iKim. 

1 

1 

S-a*! 

2.7S 

13 

10 

2.75 

2.XS 

2.4 

2.1s 

2.4 

2..S8  ' 

lii5 

153 

•> 

2. 75 

2,  SM 

1  -23 

2.  \K\ 

2. 7 

2.  »W 

2.4 

2.  IS 

2.4 

2.5 

2.  S3 

-? 

^    V.V".'.'.'.'.'. 

2.  ss 

2.  SS 

X  \;\ 

2.  W 

2!  73 

2.  \'<\ 

2.  IS 

19 

2.4 

2.5 

2.S 

l.v 

A 

j.y 

2.  •.»."» 

X\ 

2.  «.• 

2.7 

2.<1 

2.  IS 

12 

2.4 

2.5 

11 

:'.i 

r> 

;j.  x\ 

X  \:\ 

4.5 

2.  «i 

2.7 

2.  .V, 

2.  W 

2.  TkS 

2.38 

2. 5 

2.8 

1j 

Ji 

X  ♦■«-» 

3.0 

X\ 

2.  U 

2  .V» 

2.  .SS 

2.9 

2.3 

2.75' 

2.7 

2..i 

7 

4. 25 

:j.o 

X  IS 

2.  ••."i 

2.  7.'> 

2.  .W 

•>  7 

2.  .S5 

2.3 

2-7 

2.  i« 

"^  \ 

s  

w.  2;< 

2.  l« 

11 

IS 

2.  7.'» 

2.  .V) 

2:5 

2.5 

2.3 

'I.S8 

2.»i 

IS 

1) 

:{.a') 

2.  •« 

11 

los 

123 

2.7.S 

2.48 

2.3 

2.(1 

2.«'. 

2.:. 

Id 

\\.  () 

2.  l« 

los 

3. 0 

2.s;i 

1  '\i\ 

2.4S 

2.53 

2.3 

2.58 

2.r. 

15 

M 

.TO 

2.  Ts 

123 

2. «.» 

2.  s;t 

2.  '.>S 

2.43 

2.5 

2.4 

2.5.s! 

2.»i 

1      In       . 

IL'        

x\ 

2.  7s 

1  is 

2. '.» 

2.  'JS 

2.  7;{ 

2.4 

2.4» 

2.  43 

2.5    , 

2.58 

'I  *> 

i:i    

•1.  «♦ 

2.  7.S 

1  i:{ 

2. '.» 

2.  7  s 

2.  iM 

2.45 

2. 3 

2.5    ! 

2.5.S 

1T5 

14  

x(s 

2.  7S 

1  0 

2. «.» 

2.  73 

2.  \<\ 

2. 75 

2. 3 

2.5    1 

2..S.S 

I'-' 

>■"' 

;{.() 

2.  «0 

3.1 

2.  s.'i 

2.7 

2.  .Vi 

2!  4.S 

2.5 

2.3 

2.5 

2..S5 

1  •" 

HI 

3.0 

2.  •».'> 

i:i 

3.  o:> 

2.  »i.s 

2. :. 

2.  4.-. 

2  7 

2.25 

2.5 

2.55 

:3 

17  

;i.  1 

4.0 

10 

10 

2.  7;i 

2.  ."> 

2. 1> 

2!  5 

2.25 

2.5 

2.  .VI 

'l'^ 

\s 

w.  us 

4.  2:. 

10:, 

2.  «• 

;t.  2."» 

2  r> 

2.  "is 

2.  45 

2.3 

2.5 

2.55 

a.v 

m 

2.  iw 

4.  4:< 

X «» 

2.  V> 

2. «'.-) 

2. .'» 

2.  4'» 

2.  4;i 

2.  43 

•2.5 

2..SS 

'i^- 

•2\) 

2.  %\ 

4.  (».-) 

;{.  x\ 

2.S.-. 

2. 7.S 

2.  r> 

2.  1 

2.4 

10 

2.5 

•2,  .55 

1    :m. 

'1\ 

X  1:; 

X  .KS 

x\ 

2.  S 

2.7 

2. 4s 

2.4 

2.4 

2.03 

2.5 

2.  AS 

16 

O-J 

2.  V. 

1.1s 

lis 

2.S 

2.  7 

2.  4.-. 

■'   1 

2. 73 

2.55 

2.4S 

2.55 

155 

S  !!!!!!!!!!!'. 

2.  sTi 

4.1 

lis 

2.  H 

2.  tA 

2.  4.-) 

2.  4 

2!  45 

2.4 

2.45 

L'C^ 

15 

•J4 

2.  V. 

:{. :» 

1(« 

2.  s 

2.  U"* 

2.  1.-, 

J.  4 

2.  ;ia 

2.1s 

2.4h 

2.r.3 

2.1a 

2:. 

X  (iS 

X  2 

10 

2.  H 

2.  li 

2.  4.S 

2.4 

2.  3 

2.!V5 

2.45 

2.11 

i««5 

2»; 

X  OS 

X 1:. 

10 

2.S 

2.  'i 

2.  .v; 

2.  3 

.S.25 

2.45 

2.fi 

0,J< 

27 

:i.o 

XI 

10 

2.  K\ 

2.  •» 

2.  .*• 

2. .'» 

2.  '».'i 

3. 75 

2.5 

•2.  .5.5 

l.v 

^1'^^.  ............. 

2.  SS 

X  •x\ 

:;.  23 

2.  7s 

2.  •'• 

•I  4v 

2   \ 

2.  7.'i 

2. 85 

2.5 

2.55 

•;n 

•J<» 

2.  H.T 

3. 4:, 

2.  7.') 

2.  «L'» 

2.  4:. 

2.4 

2!  4S 

2.  (^ 

2.5 

2.  .V. 

15' 

:u) 

2.  NJ 

1 1:> 

2.  75 

2.  r» 

2.  \.\ 

2.4 

2.4 

2.  li 

2.5 

2.55 

1     lo3 

:n 

2.S5 

l(« 



2.G 

2.  :is 

2.4 

2.03 

i     15 
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Daily  gage  height,  in  feet,  of  Rock  Creek  at  Zoological  Park,  T).  C. — Continued. 


Day 


Jan. 


2.45 
2.43 
2.43 
2.4 
2.38 

2.4 
2.4 
2.4 
2.4 
2.4 

2.43 

3.0 

3.03 

2.88 

2.58 

2.53 

2.8 
2.8 
2.83 
3.08 

3.13 

2,88 

2.8 

2.75 

2.68 

2.6 

2.58 

2.68 

2.48 

2.  is 

2.55 


Feb.     Mar.  ,  Apr.     May.  •  June,  i  July.     Aug. 

i I '  l_      J 


Sept.  I  Oct.  '  Nov. 


2.43  i 
2.43  I 
2.38 
2.4 
3.03 

2.6    ' 
2.53  . 
2.83 
2.95  , 

2.68 

2.6  ; 

2.68 
3.88 
3.0 

2.8 

2.75 

2.7  I 
2.7 
2.7 
2.78 

2.73  I 
5.2    I 
3.35 
2.9 
2.9     : 


3.3 

3.25 

2.88 

2.78 

2.75 

2.8 

2.85 

2.73 

2.7 

2.68 

2.65 

2.7 

2.7 

2.7 

2.68 

2.7 

2.78 

2.8 

2.8 

3.75 

3.18 

2.85 

2.8 

2.78 

2.73 


r 


3.08  2.75 

3.06  ,  2.8 

2.78  2.8 

2.8 

2.8 

2.8 


2.75  ' 
2.7     i 
2.7 
2.7 

2.68 ; 

2.65  ! 
2.65  • 
2.65  ! 
2.63 
2.6 

2.6 

2.8 

2.75 

2.68 

2.65 

2.65 

2.7 

2.7 

3.1 

2.8 


2.8 
2.8 
2.75 
2.7 

2.7 

2.7 

2.65 

2.6 

2.6 


2.6 
2.6    1 
2.6    ! 
2.6 
2.6     : 

2.55  I 
2.55 
2.55  ' 

2.6    I 
2.63  ! 

2.58 
2.55 
2.63 
2.5 
2.5 

2.5 
2.5 
2.6 
2.9 
2.73 

2.55 
2.5 
2.5 
2.45 
2.5 

2.5 

2.46 

2.45 

2.45 

2.45 

2.4 


I 


2.45 
2.  73  ; 
2.6 
2.55 
2.5    : 

2.46 
2.45 
2.58 
2.46 
2.45 

2.4 

2.35 

2.46 

2.48 

2.68 

2.65 

4.3 

3.45 

2.78 
2.7 

2.58 

2.66 

2.6 

2.5 

2.6 

2.48 
2.48 
2.43 
2.35 
2.35 


2.36 

2.36 

2.35 

2.4 

2.38 

2.38 
2.38 
2.35 
2.33 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.4 

2.4 

2.48 

2.4 

2.73 

2.48 

2.36 

2.38 

2.3 

2.3 

2.3 

2.6 


2.35 

2.15 

2.4 

2.28 

2.13 

2.3 

2.3 

2.1 

2.2 

2.28 

2.1 

2.2 

2.25 

2.1 

2.2 

2.25 

2.1 

2.2 

2.23 

2.1 

2.15 

2.2 

2.1 

2.25 

2.2 
2.2 

2.2 

2.15 

2.18 

2.16 

2.16 

2.16 

2.15 

2.15 

2.1 

2.1 

2.18 
2.28 
2.23 
2.26 
2.48 

2.28 

2.2 

2.2 

2.2 

2.2 

2.15 


2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.13 

2.65 
2.4  . 
2.2 
2.17 
2.15 

2.15 
2.15 
2.15 
2.16 
2.15 

2.15 

2.15 

2.45 

2.4 

2.6 


2.26 

2.2    I 

2.2    j 
2.2 
2.23  ! 
2.35 
2.35 

2.3 

2.25 

2.2 

2.2 

2.2 

2.2 


2.1 

2.15 

2.16 

2.28 

2.35 

2.28 

2.25 

2.4 

2.48 

2.43 


Dec. 


2  ? 

.        1 

?.  7 

2?.5 

2  23 

7  18 

7  15 

2.15 
2.1 
2.1 
2.1 

1 

1 

Uaing  table  for  Rock  Creek  at  Lyon^s  mill,  Washington,  D.  C.,from  August  18,  189S, 
to  November  30,  1894.°' 


Gase 
height. 

Discharge. 

Second-feet. 

5    1 

Gage 
height. 

Feet. 
—0.10 

Discharge. 

Second-feet. 

68 

!     Gage 
height. 

1.10 

Discharge. 
Second^. 

Gaee 
height. 

Feet. 
2.eo 

i  Discharge. 
Secondr-feet. 

Feet. 
-1.30 

-1.20 

6    ' 

.00 

78 

1.20 

235    1 

2.80 

583 

-1.10 

8 

.10 

89 

1        1.30 

251      ; 

3.00 

635 

-1.00 

10    1 

.20 

100 

'        1.40 

268 

3.20 

(i89 

-  .90 

13    ' 

.30 

112 

l.T)© 

286    : 

3.40 

744 

-.80 

17 

.40 

124 

1.60 

305    i 

3.fX) 

800 

-  .70 

.     22 

..W 

137 

1         1.70 

325 

3.80 

858 

-  .60 

28    , 

.60 

150 

1        1.80 

346 

4.00 

918 

-  .50 

34    1 

.70 

163 

1.90 

368 

4.20 

980 

-  .40 

41 

.80 

177 

2.00 

390 

—  .30 

^    , 

.90 

191 

2.20 

43<i 

-  .20 

58    ! 

1.00 

2a'> 

2.40 

484 

•This  table  is  strictly  applicablo  onlv  for  opon-<'hnnnpl  conditions.     It  i.s  based  on  seven  discharge 
^>WMurement8  made  during  1892-1894.     It  is  w<'ll  defined  betwwn  gage  heights  —0.3  foot  and  4.2  feet. 
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Kstimated  monthly  (iMiargr  of  Rdtk  Creek  at  Ly<m*s  mill,  Washington^  D.  C. 
[I)rHlnag(>  arpa,  85  Rquarc  mik«.] 


DiflCha 
Maximum. 

29 

rgo  in  secoiM 
Minimum. 

Meet. 
Mean. 

1               Run- 

Depth  in 
inrhrs. 

aie 

Month. 

Second-feet 

per  square 

mile. 

1892. 
AiuniKt  18-31 

23 

26.4 
32.8 
23.7 
35.4 
44.5 

0.311 

S<»i»t*'inlM»r 

137  '                21 
20                  21 

.386            .411 

Ortobor              

.279            .3S 

Nov<*nil>or 

102 
137 

22 
27 

.416             .461 

PlXI'inlMT  

.524             .eM 

18<«. 

.lanuHrv' 

2:^8 

29 

65.7 
94.0 
88.5 
65.9 
107 
46.0 
530 
22.0 
19.8 
39.3 
56.5 
58.6 

.773             .*1 

Fobniarv  

390                   37 
2A.'>                   58 
124                    44 
9K0                   58 

1.11              1.16 

Manh .  / 

1.04              1.30 

Anril                  

.775              .865 

Mav     

1.26              145 

JUIH'                              

13:{ 
436 
201 
89 
136 

2i 
20 

8 

10 

13 

.541          .m 

July     

.624              .719 

Aufnist            

.259              .299 

Scptom  Imt 

.233  f           .260 

Oc'tfllMT                                 

.462 
.6&-> 
.689 

.Ka 

NovmilMT 

315                   23 
198  .                 32 

.743 

DtHt'IUlMT                           

.?M 

980 

Thr  yo«r 

8 

59.7 

.703 

9.52 

IHiM. 
Janiiar\' 

205  1                 46 
l.V.                    44 
205                    .M 
'2X2                   40 

i.w               ;» 

41                    20 
13                      6 

:u                  15 

r*s               17 

7S                   22 

56.0 
63.0 
68.6 
67.8 
59:6 
29.8 
8.1 
21.4 
24.9 
31.3 

.659 

.760 

FrhniaVv 

.741  ,            .772 

Man'h . ." 

.807  '            .S«0 

April                          

.798              .S90 

Mav           

.701              .iO' 

J  uiH'  1   !•'>                         

.351              .196 

AuKiist  'JUi-'JM     

.09^^              .aS5 

SfMiti'llllnT  L'  ITJ          .      .          

.252              .197 

OotolMT                  

.2«»              .:t» 

NoVrinIxT 

.:J6^           .411 

MISCELLANEOUS    MEASUREMENTS    IN    POTOMAC    RIVER    DRAIKAOE    BASIN    BELOW 
SHENANDOAH    RIVER. 

William  Rich  Ilutton,  of  Now  York,  states  that  in  the  summer  of 
IS.V)  he  made  a  careful  examination  of  the  flow  of  Potomac  River  a 
short  distance  below  (Jreat  Falls,  iisin<r  loaded  poles  reaching  as  near 
as  possible*  to  the  bottom  and  i)laced  at  o-foot  intervals  across  the 
width  of  the  river.  The  water  was  then  at  the  lowest  stage  known  to 
persons  who  had  obscM'ved  the  river  for  many  years.  The  disc^harge 
was  l.OO:^  .second-fc(M.  Mr.  Ilutton  was  of  the  opinion  that  the  river 
was  as  low  in  1S(>2.  but  no  measurenuMits  were  made  in  that  year. 

In  \s:v.)  a  civil  engineer.  M.  (\  Kwing.  assistant  to  Major  Tiinibiill, 
United  States  topographic  engineer,  <luring  the  eonstruction  of  the 
Alexandria  Acjueduct  above  (leorgcMown,  reported  the  discharge 
below  Little  Falls  to  be  1,!K)4  second-feet.  Thomas  L.  Patterson, 
of  Cumberland,  is  reported  to  have  found  the  discharge  of  North 
Branch  of  the  Potomac  at  that  i)oint  in  the  low  water  of  1838  to  be 
24  .secon(l-f(»et,  and  at  Patterson  Creek,  about  12  miles  below,  48 
second-feet.  Figures  of  di.scharge  of  Potomac  Kiver  are  given  in  the 
statement  regarding  the  extension  of  the  Chesapeake  and  Ohio  Canal 
in  House  Ex.  Doc.  No.  20S,  Forty-third  Congress,  first  session;  also 
in  House  Ex.  Doc.  No.  137,  Forty-{o\irt\iGoxig:ess^turat  session. 
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The  following  miscellaneous  discharge  measurements  were  made 
in  the  Potomac  River  drainage  basin  by  hydrographers  in  the  United 
States  Geological  Survey.  Measurements  in  the  fall  of  1897  were 
made  in  connection  with  a  study  of  the  sources  of  pollution  in  the 
Potomac  drainage  basin.  They  were  made  at  a  time  when  the  flow 
throughout  the  basin  was  considered  generally  lower  than  usual, 
although  a  few  measurements  were  affected  by  local  rains  which 
preceded  them. 

Afiscellaneowt  discharge  measurements  in  Potomac  River  basin  below  Shenandoah  River. 


Date. 


1897. 


StrcHm. 


Ivocality. 


October  14 1  Carroll  Creek  (tribu-     Z<»ntz'8   mill    race,    Freder- 

tary  to  Monocacy        iek,  Md. 
I      Uiver).  i 

Do ! do I  At  Frederick,  Md 

Do Goose  Creek i  j  mile  ai)Ove  mouth,  near 

I      Kdwardb  Ferry.  Md. 

Do '  Catoctin    Creek,     in     Above  Baltimore  and  Ohio 

Maryland.  I      li.  U.  bridge  near  Catoctin 

i  station,  Md. 

Do I  Broad  Run \  Near  Edwards  Ferry,  Md. 

In  Seneca  mill  race,  Seneca, 

Md. 
^  mile  above  mouth  and  I 
mile  above  Point  of  Rocks, 
Md. 
Near  Baltimore  and   Ohio 
R.  R.  bridge  near  Llcks- 
ville,  Md. 
Between      Baltimore     apd 
Ohio    R.    R.    bridge  and 
canal  aqueduct  near  Dick- 
erson,  Md. 


Ortolier  1.') i  Seneca  Creek 

Do '  Catoctin     Cn»ok 

West  Virginia. 


in 


Do South         Tuscarora 

Creek. 

Do Monocacy  River 


Width . 


Area  of 
section. 


Sqtuire 
Feet.   1    feet. 


11 
34 


Mean 
veloc- 
ity. 


Dis- 
charge. 


Feet  per  Second- 
-    -'      feet. 
5.6 


second. 
1.40 


2.22 


20 


2.5 


1S4  1 


1.25  ; 
1.17  ; 


0 

19 


1 

25 


«219 


o  Gage  height  on  Monocacy  River  at  Frederick,  Md.,  4.4  feet. 

FIX>OI)8  NEAR  \V  ASIIIXGTOX,   1>.   C. 

FLOOD  OF  FEBRUARY,  i88i.rt 

February  12  and  13,  1881,  there  occurred  in  the  vicinity  of  Wash- 
ington the  greatest  flood,  with  the  exception  of  that  of  June  2,  1889, 
hereinafter  described,  of  which  there  is  any  record. 

This  flood  was  caused  by  the  gorging  effect  of  an  ice  jam,  and  the 
discharge  did  not  equal  that  of  the  freshet  of  1877  or  1889,  but  the 
amount  of  damage  inflicted  on  shipping,  w^harf  property,  and  private 
property  was  far  greater.  The  low  portion  of  the  city  along  the 
Mall  and  extending  across  Pennsylvania  avenue  was  flooded,  and  a 
large  amount  of  damage  was  caused  by  the  flooding  of  cellars  and 
first  floors.     The  area  of  the  flooded  district  was  about  254  acres. 

The  w- inter  had  been  unusually  severe  in  the  long  continuance  and 
intensity  of  its  period  of  cold,  during  which  23.2  inches  of  snow  had 
fallen  and  unusually  thick  ice  had  formed  over  the  river.  A  rise 
of  only  a  few  feet  in  the  river  from  rains  and  melted  snow  caused  a 


aChiefly  from  Ann.  Uopt.  Chief  of  Engineers,  U.  S.  Army,  \%S^\,  v^--  \,\>V-^^Sy-^^» 
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breaking  up  of  this  ice,  which  gorged  and  so  obstructed  the  water- 
way that  ahhough  the  freshet  above  Geoi^town  did  not  attain  the 
height  of  1S77  by  8  feet,  the  water  rose  to  a  height  of  12.25  feet  above 
low  wat(T  at  l^)ng  Bridge,  or  H.IO  feet  higher  than  the  freshet  of  1877. 

The  ice  broke  at  Georgetown  about  1  a.  ni.  on  Saturday,  February 
12,  ISSl,  the  stage  of  the  river  being  then  2  to  3  feet  above  high  tide, 
but  rapidly  rising  as  the  ice  ])assed  down  and  added  to  the  goi^e 
below,  until  the  highest  water  was  reached  at  7  p.  m.,  when  it  was 
about  O.S  foot  higher  than  the  flood  of  1877. 

At  Georgetown  comparatively  little  damage  was  done,  owing  chiefly 
to  the  precaution  taken  to  secure  shipping  and  movable  property 
on  the  wharves.  Along  the  Washington  wharves  the  ice  began  to 
break  about  2  a.  ni.,  the  water  being  4  to  5  feet  above  high  tide,  and 
mov(»d  off  rapidly  with  the  current,  the  channel  at  times  beinjr 
nearly  clear  of  ice. 

The  gorge  did  not  at  first  form  at  Long  Bridge,  so  far  at  least  as 
concerned  th(»  Washington  Channel,  jis  is  proved  from  the  fact  that 
between  3  and  4  a.  ni.  on  Saturday,  Febniary  12,  a  long  boat  and 
several  scows  were  swept  away  from  the  Seventeenth  street  wharf 
and  carried  through  the  Washington  draw,  and  the  long  boat  was 
found  later  in  the  day  lodged  in  the  gorge  below  Arsenal  Point,  the 
scows  having  been  carried  still  farther  down  the  river. 

The  coinplcle  gorge  was  f<»nne(l  below  Arsenal  Point,  commencing 
about  7..')()  a.  ni..  and  tlie  successive  additions  of  floating  ice  soon 
caused  it  to  extend  to  I^ong  Bridge. 

Wh(»ther  a  gorge  was  coniplele  across  Georgetown  Channel  at  this 
point  before  the  lower  gorge  extended  to  the  bridge  was  not  deter- 
mined, but  sul)se(|uently  tlx'  gorge  l)eeaine  eom])lete  for  the  whole 
length  of  the  bridge.  It  is  |^robal)l(\  however,  from  the  fact  that 
large  (juantities  of  'wv  nxmo  across  th<»  (hits  above  Ijong  Bridge  and 
passe<l  through  tlie  Washington  Channc*!.  that  a  gorge  independent 
of  that  Ix^low  was  formed  across  (i(H>rget own  Channel  at  Long  Bridge 
at  or  al)out  the  time  of  its  formation  below. 

By  0  a.  ni.  the  entire  waterway  of  Long  Bridge  was  choked.  -Vii 
occasional  movcMuent  of  short  duration  served  only  to  jam  the  ice 
more  closely  and  raise  it  liigher.  until  the  water  pasvsed  over  the 
causeway  and  2.2  f(»et  above  it.  The  j)r(»ssun^  on  the  bridge  became 
greater  t!ian  it  could  withstand,  and  about  S.'M)  p.  m.  three  spans 
of  the  north  end  gave*  way  and  W(M*e  swung  art)und  (m  the  flats  below. 
This  movement,  tog(*ther  witli  a  l)r(»ak  in  the  railroad  embankment 
between  the  river  and  Fort  Kuny()n  (which  is  one-third  of  a  niiJe 
from  the  \'irginia  end  of  Long  Iiridg(\  on  tlu^  railroad  to  Alexandria) 
I.OOG  feet  in  length,  .so  far  relieved  the  pressure  that  no  further 
damage  was  done  to  the  bridge. 
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By  Sunday  morning  the  water,  which  had  been  2  J  feet  higher  on 
ic  Washington  wharves  than  in  the  freshet  of  1877,  was  off  the 
harves,  but  large  piles  of  ice  remained  upon  them,  and  many 
hich  escaped  serious  injury  from  lateral  pressure  while  the  ice  was 
inning  were  crushed  when  the  water,  by  it«  subsidence,  withdrew 
3  buoyant  support. 

The  following  are  the  heights  above  low  water  of  the  freshets  of 
577  and  1881  at  the  several  points  named: 

Height  of  Potomac  River  above  low  water  in  food*  of  1877  and  1881 . 


Locality. 


tK'l  lock  above  (it»orgctown  . 

•KMluct  Bridge 

PkCivck 

«bys  Point . 


ove  uong  Bridge ».  (Xi 


1877. 
Feet. 

1881. 

; 

Feet. 

19.72 

Ifi.  73 

15.96 

14.29 

ia35 

13.77 

11.99 

13.54 

9.n(') 

12.26 

Locality. 


Below  LoDj^  Bridge. 

.\r8enal  Point 

Oieahoro  Point 

Navy-yiird 


Feet. 


h.44 

7.66 
7.73 


Feet. 
11.20 
7.01 
4.93 
5.01 


FLOOD  OF  JUNE,  1889.0 

June  2,  1889,  there  occurred  the  greatest  freshet  in  Potomac  River 
■  which  there  is  any  authoritative  record.  The  Potomac  at  Harpers 
erry  rose  to  the  height  of  34  feet  above  the  low  stage.  The  water 
as  at  one  time  2.8  feet  above  the  rails  of  the  Baltimore  and  Ohio 
ailroad  on  the  bridge  and  6.8  feet  higher  than  the  freshet  of  1877. 
t  Great  Falls  the  maximum  height  was  16  feet  above  the  top  sur- 
Lce  of  the  coping  of  the  dam,  4  feet  higher  than  in  the  freshet  of  1877. 
t  Chain  Bridge  it  was  43.3  feet  above  tide  level.  The  freshet  was 
receded  by  strong  southeasterly  winds,  which  made  the  tides  at 
lis  point  unusually  high. 

Observations  were  taken  while  the  freshet  was  running  to  deter- 
line  the  levels  above  low  water  at  various  pomts  from  Cliain  Bridge 
own  to  Arsenal  Point.  The  freshet  attained  its  maxiumm  height  at 
bout  10  a.  m.  on  June  2.  At  that  time  the  height  of  the  water 
Jrface  above  low  water  at  Chain  Bridge  was  43.3  feet,  at  Aqueduct 
'ridge  19.5  feet,  at  Easby's  wharf  and  at  the  sewer  canal  13.3  feet, 
t  Long  Bridge  12.7  feet,  and  at  Arsenal  Point  11.1  feet.  It  was 
ithin  3  feet  of  its  maximum  height  for  a  period  of  about  twenty-four 
ours  and  within  6  feet  of  it  for  about  thirty  hours.  iVfter  the  river 
egan  to  fall  it  fell  rapidly,  but  for  more  than  twenty-four  hours  it 
as  too  high  for  the  sewers  in  the  low  part  of  the  city  to  discharge 
leir  contents.  Hence  if  a  heavy  rainfall  had  occurred  during  this 
eriod  the  sewers  could  not  have  carried  off  the  rain  water  at  all,  and 
still  larger  area  of  the  city  would  have  been  Hooded.  The  highest 
oint  reached  by  the  water  at  the  sewer  canal  at  the  foot  of  wSeven- 
'enth  street  was  13.26  feet.     Before  this  heigrht  was  reached  the 


aChiefly  from  Ann.  Rept.  Chlet  ot  Engineers,  U.  S.  Army,  188^,^1.1,  v^.'^^&-^'^v 
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water  backed  up  in  the  B  street  sewer  and  came  into  the  street! 
the  sewer  outlets.  After  the  water  rose  above  the  level  of  B 
it  came  into  the  city  from  the  sewers  and  from  the  river  { 
Great  damage  was  done  to  private  property  in  the  city,  as  thft 
on  B  street  was  in  many  places  over  4  feet  deep,  and  reached! 
store  doors  on  the  north  side  of  Pennsylvania  avenue,  between; 
and  Tenth  streets.  At  B  and  Fifteenth  streets  the  high  water^ 
1889  freshet  was  3.2  feet  above  that  of  1877  and  0.7  foot  highl 
in  1881.  }  ' 

The  discharge  area  of  the  river  at  Aqueduct  Bridge  win 
freshet  was  at  its  maximum  was  about  38,000  square  feei 
velocity  observations  were  taken,  but  on  the  assumption  tha<i 
Babb's  estimate  of  470,000  second-feet  discharge  at  Chain  Bridj 
correct,  the  mean  velocity  at  Aqueduct  Bridge  was  about  12i 
per  second. 

Rock  Creek,  which  enters  Potomac  River  4,000  feet  below  Aqi 
Bridge,  was  estimated  to  have  a  maximmn  discharge  of  20,1 
25,000  second-feet  during  the  night  of  May  31  to  Jime  1,  1889, 

SIX)PE  OF  POTOMAC  RIVER. 

The  fall  of  the  Potomac  below  Harpers  Ferry  is  about  245  feet- 
this  about  90  feet  occurs  in  a  short  distance  at  Great  Falk  (VL 
and  if  this  be  subtracted  the  fall  in  the  remaining  distance  is  ft 
to  average  about  2.5  feet  per  mile.  1 

As  a  water-power  stream  the  principal  disadvantage  of  the  R 
mac  is  the  great  variability  of  its  flow.  Good  rock  foundations 
dams  can  gonerally  ho  found  at  small  depth,  the  banks  are  as  a 
favorable,  and  there  are  several  sites  where  large  falls  could  be: 
dered  available.  Building  materials  are  generally  obtainable, 
facilities  for  transportation  are  excellent.  A  ver\'  insignific 
amount  of  power  has  been  develo|>ed. 

Slopt  of  thi  Pototntir  Ririr. 
[IMs.  V  and  VI.] 
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THE  CHESAPEAKE  AXD  OHIO  CANAIi.a 

By  Horatio  N.  Parker. 

idea  of  building  a  chain  of  internal  improvements  to  connect 
otomac  with  the  headwaters  of  the  Ohio  was  conceived  by 
e  Washington,  whose  Hfe  had  made  him  thoroughly  familiar 
he  country'.  In  1748  he  was  active  in  the  organization  of  the 
I^ompany,  which  was  formed  to  trade  with  the  Indians  west  of 
[leghenies,  and  whose  charter  made  it  incumbent  on  the  stock- 
's to  settle  a  certain  number  of  families  in  the  Ohio  Valley.  His 
^i  in  that  company,  his  expedition  to  Fort  Duquesne  in  1753, 
nally ,  his  connection  w  ith  the  Braddock  expedition  of  1754  con- 
1  him  that  it  was  imperative  to  establish  water  comnmnication 
:he  West.  Accordingly,  in  the  fall  of  1774,  he  procured  the 
!:e  of  a  law  by  the  general  assembly  of  Virginia,  empowering 
ndi\4duals  as  were  disposed  to  embark  in  the  enterprise  to  open 
)tomac  so  as  to  render  it  navigable  to  Wills  Creek.  In  a  letter 
Fert-on  dated  March,  1774,  he  said  that  the  project  was  in  good 
and  would  have  been  in  an  excellent  way  had  it  not  been  for 
)position  of  the  Maryland  assembly,  which  was  supposed  to  be 
itod  by  Baltimore  merchants,  who  feared  the  consequences  of 

transportation  to  Georgetown.  The  outbreak  of  the  Revolu- 
iterrupted  his  plans,  though  he  seems  always  to  have  had  this 
'm  on  his  mind,  for  a  little  before  the  close  of  the  war  he  left 
ontinental  camp  at  Newburgh  and  made  a  long  and  perilous 
\v  up  the  Mohawk  Valley  with  a  view  of  determining  the  prac- 
lity  of  a  water  route  to  the  West  through  that  valley,  returning 
iced  that  the  great  rival  route  to  the  Potomac  would  be  through 
i^ork.  With  the  close  of  the  Revolution,  the  problem  became 
acute  than  ever,  for  it  seemed  likely  that  unless  quick  and 

communication  could  be  established  with  the  territory  we^t  of 
lleghenies  it  would  ally  itself  with  the  Mississippi  Valley  inter- 
iid  be  forever  lost  to  the  eastern  colonies.  Washington  strove 
se  Virginia  and  Maryland  to  meet  the  problem,  with  the  result 
he  Potomac  Company,  incorporated  by  Virginia  and  confirmed 
iryland,  was  organized  May  17,  1785.  So  far  as  kno\\Ti,  the 
linutes  extant  are  now  in  the  possession  of  the  Chesapeake  and 
Canal  Company  and  are  of  the  meeting  held  May  30,  17S5. 
e  Washington  was  its  first  president,  but  his  services  were 
ed  by  his  country  and  he  was  compelled  to  resign  to  accept  the 
lency  of  the  United  States.  The  Potomac  Company  was  only 
'ately  succ^essful  under  the  immediate  presidency  of  Washington, 
/hen  it  was  (h^prived  of  his  counsels  it  l)ecame  markedly  less 

1,  (r.  \V.,  Early  'l<v<l(»[)iiirnt  of  tin-  ('h<'sa|>«'akr  aii'l  Ohio  CjiiihI  projj'ct:  .lohns  Uopkiiis 
udics  in  Hi.storicaJ  and  I'olHicul  ^Science,  sorirs  17,  Noh.\)-\0  v\u\\  V\,  \^Oft. 
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efficient,  and  finally  with  his  death  lost  the  confidence  of  the  public 
However,  it  accomplished  much  work  during  its  existe^nce.  At  tb 
time  it  was  organized  little  more  was  expected  of  it  than  to  rend 
the  Potomac  navigable  from  Georgetown  to  Cumberland,  from  wlut 
point  it  was  thought  to  be  an  easy  matter  to  connect  with  the  wate 
of  the  Ohio  by  means  of  a  well-built  road.  The  chief  obstacl 
encountered  in  descending  the  Potomac  were  five  in  number.  T 
first  of  these  was  at  House  Falls,  5  miles  above  Harpers  Ferry,  wh< 
a  canal  50  yards  long,  with  a  total  fall  of  3  feet,  was  built.  The  set'o 
difficulty  was  at  Shenandoah  Falls,  immediately  above  Harpers  Fer 
and  was  overcome  by  a  canal  1  mile  long,  with  a  total  fall  of  15  fe 
At  Seneca  Falls  a  third  canal,  three-fourtlis  of  a  mile  long,  with  a  to 
fall  of  17  feet,  was  constructed.  To  this  point  no  locks  were  fou 
necessary,  but  at  Great  Falls  they  were  used  in  connection  will 
canal  6,000  feet  hmg  on  the  Virginia  shore.  The  fifth  and  last  car 
built  for  passing  Little  Falls,  was  on  the  Maryland  shore,  and  \ 
over  2  miles  long,  with  a  total  fall  of  37  feet. 

The  charter  of  the  company  originally  provided  that  the  work 
which  it  was  organized  should  be  completed  in  three  years.  It  s( 
becaiiie  evident  that  it  would  be  impossible  to  finish  the  work  in  t 
period,  and  the  general  assemblies  of  Virginia  and  Maryland  passed 
act  extending  the  time.  Five  such  acts  were  passed  by  the  MarA^h 
legislature  and  t(Mi  by  that  of  Virginia.  Finally,  in  1819,  after  ex 
ing  thirty-five  years  and  spending  S7()(),0()(),  the  Potomac  Conipj 
applied  to  the  hoard  of  public  works  of  Virginia  for  relief.  ^ 
l)()ar(l  ordered  Thomas  Moore,  its  chief  engineer,  to  make  a  surve} 
the  river  with  a  view  of  locating  a  canal  in  it.s  valley,  a  policy  s 
gestcd  l)y  the  hoard  to  the  general    assembly  of  Virginia  in  1816. 

Moore's  work  was  begun  on  June  'M),  1S2(),  and  hi  his  report  da 
Deceniher  27,  1S2(),  he  stated  that  tlic  construction  of  the  canal  ' 
praclicahlc,  and  estimated  the  cost  at  SI  ,114, .'^00.  The  hoard  tni 
niittcd  this  n^port  to  the  governor  of  \'irginia  and  he  sent  it  to 
general  assenihly,  wliicli  ado|)l(Hl  a  rcsohition  authorizing  the  \i 
crnor  to  appoint  a  connnittcc  to  cooperate  with  a  similar 
a|)|)()inte(l  by  the  governor  of  Marvhuul  lo  (^xaniine  into  the  affair 
the  Potomac  Coni|)any.  Tlie  connnitti^c  met  in  (leorgetown  Jul; 
1S21,  and  found  the  Potomac  ('oni])any  hankru[)t.  Having  satis 
themselves  tliat  there  w(M-e  no  means  availal)le  for  opening 
Potomac  River  io  navigation,  they  hcHeved  the  time  had  conu 
reconuniMid  a  continuous  canal  from  tidewater  to  (\imberlaud, 
tliey  proccvded  to  that  city  July  I."),  and  sptMit  the  rest  of  the  nio 
examining  the  river  westward  to  Savage  River.  Having  complc 
this  work,  under  the  guidance  of  Moore's  survey  of  1S20,  the  conn 
sioners  began  the  location  of  a  canal  whose  construction  they  belie 
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would  at  once  be  undertaken  by  the  States  of  Maryland  and  Virginia. 
Sickness  among  their  engineers  and  finally  that  of  Moore  himself, 
September  18,  compelled  the  abandonment  of  the  work  after  it  had 
proceeded  157  miles  eastward  from  its  beginning.  Moore  died  and 
was  succeeded  by  Isaac  Briggs,  who  rapidly  completed  the  work, 
^or  the  basis  of  their  estimate  the  commissioners  adopted  a  canal  30 
feet  wide  at  the  surface,  20  feet  wide  at  the  bottom,  and  deep  enough 
for  3  feet  of  water.  Its  cost  was  estimated  at  $1,574,954.  The  gen- 
eral assembly  of  Virginia  passed  a  bill  incorporating  the  Potomac 
>anal  Compaliy  in  February,  1823,  but  the  Maryland,  assembly  under 
pressure  from  Baltimore  failed  to  do  so;  hence  the  project  was  held 
P  for  a  time.  The  failure  of  the  Maryland  legislature  aroused  the 
lends  of  the  canal  and  popular  meetings  were  held  in  Virginia,  Mary- 
-nd,  and  Pennsylvania  during  the  spring  and  summer  of  1823.  The 
jntuxient  in  favor  of  the  canal  was  found  to  be  so  strong  that  it  was 
?tei*rTiined  to  hold  a  convention  in  Washington  during  the  autumn 
r  t>ie  purpose  of  uniting  counsels,  proposing  legislation,  and  enlisting 
»e  oooperation  of  Maryland,  Pennsylvania,  and  Virginia  and  espe- 
ally  that  of  the  Federal  Government,  which  up  to  this  time  had 
^^dfastly  refused  to  inaugurate  a  system  of  internal  improvements, 
be  oonvention  met  at  Washington  November  6,  7,  and  8,  1823,  and 
'Cl^red  in  favor  of  a  canal.  It  appointed  committees  in  each  of  the 
^tos  interested  to  advance  legislation  and  a  central  committee  to 
ve  direction  to  all  the  various  forces  at  work  on  behalf  of  the  canal, 
i^^oiig  other  things,  the  central  conmiittee  was  empowered  to  memo- 
^li^e  Congress,  gather  all  information  possible,  hasten  the  surveys, 
^v^  commissioners  appointed,  open  books  for  the  subscription  of 
<x^lc,  and,  if  occasion  required,  to  call  another  meeting  of  the  con- 
fix tr  ion.  This  convention  is  a  landmark  in  the  history  of  internal 
^pi*ovements  in  the  United  States,  for  the  Federal  Government  had 
?  t>o  this  time  held  it  to  be  unconstitutional  for  it  to  construct  such 
orlcs,but  it  now  unshackled  itself  from  this  impediment  and  entered 
^^o  the  canal  project  heartily.  The  Virginia  assembly  passed  an  act 
icorporating  the  Canal  Company  in  1824.  Marj^land  passed  one,  too, 
iter  the  jealousies  of  the  Baltimore  merchants  had  been  allayed  by 
^  amendment  permitting  them  to  tap  the  canal  with  a  branch  canal 
^  Some  convenient  point  in  Maryland  or  the  District  of  Columbia. 
^^^  United  States  confirmed  the  incorporation  and  President  Monroe 
^g^ed  the  bill  March  3,  1825.  Finally,  Pennsylvania  passed  an  act 
^^^ctioning  the  canal. 

^he  United  States  engineers,  under  tlie  immediate  direction  of  Gen. 
>•  -Bernard,  made  an  elaborate  and  detailed  report,  wiiich  was  not 
'eady  for  publication  until  October,  1Sl>0.  Thev  jjroj)()s(»(l  a  canal 
i^'^ided  into  the  Chcvsapeake  and  Ohio  Canal  proper  from  tidewater  to 
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Pittsburg,  and  the  Ohio  and  Erie  Canal  from  Pittsburg  to  Lake  Erie. 
The  Chesapeake  and  Ohio  Canal  proper  was  divided  into  three  sec- 
tions— the  eastern  section,  from  tidewater  to  the  mouth  of  Savage 
River;  the  middle  section,  from  Savage  River  to  the  Youghiogheny 
at  the  mouth  of  Bear  Cre^k;  and  the  western  section,  from  the  mouth 
of  Bear  Creek  through  the  valley  of  the  Youghiogheny  to  Pittsburg. 
The  work  done  in  preparing  this  report  was  very  thorough  and  elabo- 
rate and  necessarily  consumed  much  time.  The  friends  of  the  canal 
grew  restive  and  in  March,  1826,  induced  General  Bernard  to  give  out 
his  estimate  for  the  eastern  section.  It  was,  exclusive  of  the  item  of 
contnigencies,  $8,085,000,  which  was,  of  course,  for  those  days,  pro- 
hibitive. The  central  committee  called  another  convention,  which 
met  in  Washington  December  6,  1826.  This  body  decided  to  their 
own  satisfaction  that  when  the  errors  of  the  United  States  engineers 
in  estimating  labor  and  materials  were  corrected,  the  canal  could  be 
built  for  less  than  $5,000,000.  At  the  instance  of  twenty  members 
of  Congress,  President  Adams  ordered  a  new  survey  by  James  Geddes 
and  Nathan  S.  Roberts,  who  reported  that  the  eastern  section  of  the 
canal  could  be  built  for  $4,479,346.93.  Subscription  books  were 
opened  October  1,  1827.  The  beginning  of  work  on  the  canal  was  an 
event.  A  party  was  formed  in  Washington  and  went  to  Little  Falls, 
where,  on  the  Fourth  of  July,  1828,  President  Adams  removed  the 
first  spadeful  of  earth,  and  speeches  were  made  by  prominent  men  to 
the  crowd  which  had  assembled  to  see  the  ceremony. 

The  company's  charter  re(|uirod  100  miles  of  canal  to  be  built  in 
three  years.  Contracts  were  closed  for  43  miles  of  the  canal  before 
March,  1S29,  and  soon  the  whole  48  miles  between  Georgetown  and 
Point  of  Rocks  was  under  contract.  By  May  1,  1829,  work  had  been 
doiK*  on  all  iive  ''residences"  into  which  the  section  had  been  divided. 
However,  labor  proved  scarce,  and  it  was  found  necessary  to  import  it 
from  Euroix\  Sickness  broke  out  anion<!;  the  men,  who  contracted 
fever  in  the  valley,  and  some  of  th(^  contractors  were  comj>elled  to 
suspend  operations.  It  was  late  in  October  before  the  various  gangs 
were  all  in  tr(K)d  condition,  hut  the  winter  proved  an  open  one,  and  it 
was  possible  to  continui*  the  work  far  into  it.  The  men  proved  dis- 
orderly, and  the  laws  of  those  days  wen^  not  stringent  enough  to  deal 
with  them  pr()jn]){ly,  so  that  ultimately  the  importation  of  foreign 
labor  by  the  company  was  abandoned.  The  canal  from  Seneca  Creek 
to  a  point  within  si^ht  of  (ieortj^etown  was  completed  in  1831.  In  the 
meantime,  about  January,  182S,  the  canal  company  became  involved 
in  a  suit  with  the  Baltimore  and  Ohio  Railroad.  This  railroad  had  the 
active  support  of  the  Baltimore  merchants,  and  the  first  spadeful  of 
earth  which  marked  the  hiau^uration  of  work  on  it  was  removed  by 
James  Carroll,  of  Carr()llton,on  the  very  day  and  only  a  few  miles  from 
the  s[)ot  where  President  Adams  celebrated  th(*  beginning  of  work 
on  the  C-Jiesapeake  and  Ohio  CawaV.     By  vU  charter  the  Chesapeake 
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and  Ohio  Canal  Company  had  obtamed  a  right  of  way  for  a  canal  on 
the  Maryland  bank  of  the  Potomac  from  Washington  to  Cumberiand. 
By  its  surveys  the  railroad  was  compelled  to  gain  the  Potomac  at 
Point  of  Rocks,  12  miles  below  Harpers  Ferry,  and  follow  the  river  to 
the  latter  point;  otherwise  a  tunnel  would  have  to  be  built  under  the 
mountain  spurs,  a  financially  impossible  alternative.  The  canal 
company  now  sought  to  exclude  the  railroad  from  laying  tracks 
between  Point  of  Rocks  and  Harpers  Ferry  on  lands  to  which  it 
claimed  prior  rights.  The  suit  was  finally  decided  in  favor  of  the 
canal  company  in  1832,  but  by  that  time  it  was  bankrupt  and  Federal 
aid  had  been  withdrawn.  Such  a  predicament  offered  an  opportun- 
ity which  was  successfully  utilized  by  the  Baltimore  and  Ohio  Rail- 
road to  complete  its  tracks  to  Harpers  Ferry.  After  a  series  of  com- 
promise proposals  by  the  railroad  to  the  canal  company  had  been 
refused,  the  Maryland  legislature  took  up  the  matter.  May  9,  1833,  a 
compromise  was  effected  by  the  passage  of  a  law  calling  for  the  joint 
construction  of  a  canal  and  railroad  through  the  disputed  territory. 
The  compromise  cost  the  railroad  heavily,  for  it  was  compelled  to 
subscribe  for  2,500  shares  of  the  canal  company's  stock  ($266,000), 
and  the  canal  company  built  tha  road  through  the  disputed  territory 
(Point  of  Rocks).  In  1834  the  railroad  completed  the  road  to  the 
Maryland  side  of  the  Potomac,  opposite  Harpers  Ferry,  where  it  was 
compelled  to  stop,  for  the  agreement  signed  by  the  two  companies 
demanded  that  the  railroad  should  not  be  built  across  the  Potomac 
until  the  canal  should  have  been  completed  to  Cumberland,  if  that 
was  done  within  the  time  named  in  the  charter — 1840.  At  the  time 
of  the  compromise,  in  1834,  Maryland  came  to  the  rescue  of  the  canal 
with  a  loan  of  $2,000,000.  This  was  socm  exhausted,  and  §3,000,000 
more  was  appropriated  by  the  State  June  4,  1836,  but  on  condition 
that  the  Baltimore  and  Ohio  Railroad  be  allowed  ecjual  rights  between 
Harj>ers  Ferry  and  Cumberland.  This  enabled  the  railroad  to  com- 
plete its  line  before  the  canal  was  liiiisiied.  The  summer  of  1837 
found  the  canal  completed  only  to  Dam  No.  5,  127  miles  from  George- 
town. The  next  27  miles  of  the  canal,  to  Dam  No.  6  at  Great  Caca- 
pon,  were  in  process  of  construction,  and  the  last  50  miles,  from 
Great  Cacapon  to  Cumberiaiul ,  were  under  contract .  More  funds  were 
needed,  and  the  general  asseml)ly  of  Maryland  in  1838  advanced  an 
additional  amount  of  Sl,37o,0()().  By  1841  the  waterway  waVcom- 
pleted  only  to  Dam  No.  6,  and  both  the  canal  and  the  State  of  Mary- 
land were  in  financial  difficulties,  so  that  further  aid  was  not  given 
until  1844,  when  the  wState  of  Maryland  permitted  the  company,  under 
certain  conditions,  to  issue  l)onds  to  the  amount  of  §1,700,000. 
With  the  funds  thus  raised  the  canal  was  ('oni[)leted  to  Cumberland  in 
October,  1850. 

Since  its  completion  the  canal  has  not  been  pros^ieroui^.     Iv\  VV^»T1 
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the  works  of  the  canal  woro  soriously  damaged  by  a  freshet,  and  thu- 
provided  an  <*xcuso  to  l)urden  the  canal  with  more  debt  by  issuing 
additional  bonds,  which  was  done  with  the  consent  of  the  StAte  of 
Maryland.  In  1889  another  freshet  did  even  greater  damage;  and  as 
those  in  charge  of  the  canal  had  no  funds  with  which  to  pay  for 
repairs,  it  was  left  in  this  condition  for  two  and  one-half  years,  durin<! 
which  time  the  elements  added  to  the  damage  and  increased  the  cost 
of  reconstruction. 

At  this  time  a  movement  was  begun  to  dispose  of  the  canal  to  cer- 
tain railroad  interests,  but  the  bondholders  of  1844  asserted  their 
rights  and  b(»gan  proceedings  to  get  possession  of  the  canal.  As 
trustees  they  wen*  given  control  for  a  certain  number  of  yean  on  con- 
dititm  that  they  would  repair  it,  retire  the  bonds  of  1878,  and  carry 
out  other  conditions  imposed  by  the  court.  Apparently  the  trustees 
have  satisfunl  the  court  of  the  feasibility  of  their  plans,  for  the  period 
given  th(»m  to  operate  the  canal  has  been  extended  from  time  to  time 
and  it  is  still  in  their  possessitm. 

To-day  the  canal  between  Georgetown  and  Cumberland  lies  on  the 
Maiyland  side  of  tlie  Potomac  and  jnirsues  the  immediate  valley  of 
the  river  to  a  point  1  mile  below  Pawpaw,  where  it  passes  through  a 
spur  of  Town  Hill  by  means  of  a  tunnel  3.636  feet  long  and  of  circular 
cross  section  27  feet  across.  This  tunnel  saves  about  6  miles.  Tlic 
total  rise  from  the  level  of  midtide  at  Georgetown  to  the  CiimluT- 
land  basin  is  601). 7  feet.  This  ascent  is  broken  by  74  lift  locks  and  a 
tide  lock  that  connects  Rock  Creek  basin  with  the  Potomac.  Tlu- 
canal  has  a  (le|)th  of  (>  feet  throughout,  and  from  Georgetown  to  Har- 
pers Kerry,  <>()  inil(*s.  it  is  ()">  Hvt  wide  at  the  surface  and  41  feet  at  tin* 
bottom.  From  llar|)(M*s  Ferry  to  Dam  No.  (5,  47  miles,  the  width  at 
the  surface  is  (U)  feet  and  at  the  bottom  36  feet.  From  Dam  No.  0 
to  Cuniherland,  ;")()  niiles,  the  surface  width  is  55  feet  and  the  bottom 
width  31  fet^t.  The  average*  lift  of  the  locks  is  a  little  in  excess  of  s 
f(»et.  though  there  an*  thirteen  lO-foot  locks  and  four  6-foot  locks. 
The  locks  are  100  feet  long  and  15  feet  in  the  clear  and  pass  boats 
carrying  \'2'2  tons  of  J, 210  pounds.  The  canal  is  fed  with  water  at 
<'ight  (lillenMit  points.  The  first  is  al  the  Beal  mill  race  in  Climber- 
land,  which  is  connected  by  gates  with  Wills  Creek  at  the  dam  near 
the  tannery  of  tiie  I'nited  Stat(»s  Leather  Company.  The  enormous 
amount  of  .^ew  age  which  t  his  race*  I'eceives  is.  to  a  large  extent ,  deposited 
as  sludge  in  the  lu»ad  hasin  of  the  canal.  This  action  is  probahly 
facilitated  l)v  tiie  nature  of  liie  water  received  at  the  second  supply 
point,  the  head-gates  of  the  canal.  Tin's  water  is,  as  a  nde»  largely 
from  Wills  Crec^k,  mixed  with  considerable  water  from  North  Branch, 
though  in  times  of  low  wat(M-  the  entire  (low  of  both  North  Branch, 
above  Dam  Xo.  7,  and  Wills  Cnvk  goes  down  the  canal.  The  Wills 
deck  wtitev  is  heavily  polluted  by  \w\\\ci  waters,  and  therefore  con- 
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considerable  quantities  of  iron  and  sulphuric  acid,  which  are 
Itating  elements,  as  is  the  lime  of  North  Branch.  So  great  is 
cumulation  of  precipitated  sewage  in  the  head  basin  that  the 
?ompany  finds  it  necessary  to  dredge  it  out  every  other  spring, 
this  is  done  the  sludge  is  distributed  over  the  towpath  and 
ide  of  the  embankment.  It  becomes  very  hard  and  most  of  it 
IS  in  place,  though  some  of  it  is  carried  off  by  the  river.  In  the 
,  after  the  water  is  drawn  off  from  the  canal,  the  contents  of 
ce  discharge  into  the  head  basin  as  usual,  but  instead  of  con- 
g  down  the  canal,  as  when  the  canal  is  in  use,  they  return  to 
'er  near  the  foot  of  the  basin  and  below  Dam  No.  7.  This  first 
'  is  not  properly  a  part  of  the  works  of  the  canal.  The  precipi- 
action  continues  for  51  miles  down  the  canal  to  the  third  sup- 
int.  Dam  No.  6,  where  the  water  in  the  canal  is  said  to  be  much 
•  than  at  Cumberland-  Dam  No.  6,  below  Greenspring,  admits 
^at^r,  wliich  to  a  large  extent  comes  from  South  Branch,  and 
is  usually  of  better  quality  than  the  river  water  at  Cumberland 
r  dilution  greatly  improves  the  water  in  the  canal.  From  Dam 
to  Dam  No.  5  the  distance  is  29  miles.  About  6  miles  above 
^o  5  the  canal  passes  through  what  are  knoi^n  as  Little  and  Big 
These  were  originally  high-water  channels  of  the  river,  which 
been  incorporated  into  the  canal.  Big  Pool  is  2  miles  long. 
?currence  of  these  pools  is  noted,  because  the  current  through 
must  necessarily  be  very  small  and  so  gives  opportunity  for 
mtation  of  material  suspended  in  the  canal  water  and  also 
;e  they  must  add  to  the  time  it  takes  the  wat^r  to  complete  its 
;e  from  Cumberland  to  the  river.  The  canal  and  the  river  unite 
mile  above  Dam  No.  5  (PI.  VII,  B),  and  in  the  half-mile  stretch 
the  dam  the  canal  and  river  waters  are  thoroughly  mixed.  At 
Mo.  5  the  canal  resimies  its  separate  coiu'se  and  a  fourth  point 
er  supply  is  established. 

m  Dam  No.  5  to  Dam  No.  4,  the  fifth  point  where  water  is 

?d  by  the  canal,  the  distance  is  21J  miles.     About  4J  miles 

Dam  No.  4  the  canal  reenters  the  river  and  continues  imited 

t  for  3.3  miles  to  a  point  6,000  feet  above  the  dam.     In  this 

ce  the  waters  of  the  canal  and  river  have  become  thoroughly 

,  and  it  is  well  to  remember  that  this  dam  is  but  67  i  miles  above 

Falls.     From  Dam  No.  4  the  canal  continues  23  miles  to  Dam 

at  Harpers  Ferr}',  the  sixth  point  of  water  supply.     Dam  No. 

■  a  mile  east  of  Seneca  Falls  and  40  miles  below  Harpers  Ferry, 

seventh  and  last  point  of  water  supply  until  Dam  No.  1  is 

id  at  Little  Falls. 

oughout  its  length  the  canal  is  built  on  the  surface  of  the  land 
)  receives  little  ground  water;  in  fact,  the  water  has  a  tendency 
p  out  ihrough  the  canal  banks  and  in  places  Vo  \\\^^  N)c\fe  \»s:vfiL 


190  THE    POTOMAC   RIVER   BASIN. 

lands  too  wet  to  be  successfully  cultivated.  The  current  in  the  canal 
is  very  variable,  chan^ng  in  its  different  sections  and  witli  the  sta^*e 
of  the  river.  Periiaps  it  would  be  correct  to  assume  a  current  of  1 
niile  an  hour  in  normal  sections.  At  tinier  of  flood  portions  of  the 
canal  are  under  water. 

Two  expensive  aqueducts  carry  the  canal  over  Conocochea^ie 
Creek  and  Monocacy  River.  The  myriad  little  runs  that  come  do^^^l 
from  the  liillsides  to  the  river  are  excluded  from  the  canal  by  means 
of  passages  made  for  them  beneath  the  canal  tlirough  niasonr}^  cul- 
verts. Thus  these  streams  find  direct  entrance  to  the  Potomac-. 
except  three,  which  enter  Big  Pool,  and  a  few  dry  runs,  the  most 
important  of  which  are  one  a  little  east  of  Monocacy  River,  one  jiisi 
above  Harpers  Ferrj^  and  one  2  miles  below  Dam  No.  6. 

Every  winter  the  water  is  drained  off  from  the  canal  and  its  ser\'ice 
discontinued.     The  length  of  the  canal  season  is  usually  eight  to  nine 
months,  and  repairs  are  made  everj'  spring  before  the  canal  is  reopened. 
It  is  not  found  necessarj^  to  clean  out  the  canal  on  accoimt  of  suspended 
matter  deposited  during  the  season^s  use,  but  certain  points  on  the 
canal  need  rather  frequent  dredging  because  of  earthy  material  that 
is  brought  in  over  its  banks  by  water  flowing  over  cultivated  ground 
and  in  other  ways.     The  canal  company  has  no  sanitary  regulations 
and  the  crews  of  canal  boats  use  the  canal  as  a  receptacle  for  feces 
and  for  kitclion  offal.     A  few  of  i\\e  privies  of  the  lock  keepers  over- 
hang tiie  canal,  but  the  feces  do  not  get  into  the  river  except  in  times 
of  freshet.     The  canal  company  has  succeeded  in  abolishing  all  but 
two  or  throe  of  the  other  ])rivics  which  overhang  its  line,  and  these, 
it  is  expected,  will  soon  be  removed.     During  the  season  of  1905  but 
one  man  employed  on  the  canal  l)oats  was  known  by  the  officials  oi 
the  company  to  have  sufTered  from  typhoid  fever. 

The  canal  company  claims  that  by  the  terms  ofits  charter  it  is  enti- 
tled to  all  the  water  power  of  the  river  from  Washington  to  C\imbt*r' 
land,  but  it  has  never  develo])e(l  it  for  manufacturing  pur])oses,  on^ 
rea^scm  being  that  a  survey  made  to  determine  the  amount  of  pov-^^ 
which  could  be  made  available  indicated  that  the  outlook  in  tl"^* 
direction  was  not  proniisin<i:.  A  small  mill  at  AVilUamsport  and  oi^ 
at  Seneca  are  the  only  ones  above  Washington  to  which  j)ower  ^ 
sold  by  the  conipany.  At  Dam  No.  5  surplus  water  is  sold  for  po\r*^ 
purposes  to  a  ])lant  on  the  West  Virginia  side  of  the  river,  and  tl* 
same  people  are  contemplating  the  development  of  works  at  Da*- 
No.  4.  At  Georgetown  about  1,000  horsepower  is  sold.  The  wat  ^ 
of  the  canal  is  not  furnished  to  any  community  for  domestic  suppl> 
though  a  few  individuals  here  and  there  along  the  line  use  it  for  wat^l 
ing  purposes. 
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GENERAL  ASPECTS. 

The  prosperity  of  the  industries  of  the  Potomac  Valley,  with  its 
attendant  increase  of  population,  is  justly  a  cause  of  congratulation 
to  the  several  States  within  which  the  basin  lies.  Yet  this  success 
brings  responsibilities  that  can  not  be  shirked,  but  must  be  wisely 
met  if  growth  is  to  continue  and  health  and  happiness  prevail.  In 
dealing  with  the  new  problems  it  should  be  borne  in  mind  that  the 
wealth  of  every  region  is  limited.  Resources  which  were  extrava- 
gantly wasted  when  there  were  few  to  claim  them  have  to  be  carefully 
husbanded  when  there  is  hardly  enough  to  go  around.  Acts  which 
may  be  viewed  with  indifference  in  a  sparsely  settled  coimtry  become 
crimes  in  densely  populated  communities.  No  resource  will  be  more 
seriously  affected  by  changed  conditions  than  water.  It  is  strictly 
limited  in  amount,  and  therefore  to  injure  uny  source  which  is  valu- 
able for  manufacturing  or  domestic  use  is  a  spendthrift  deed,  sure  in 
tbe  end  to  increase  the  cost  of  living.  For,  one  by  one,  tlie  sources  of 
pure  water  which  are  not  too  expensive  to  utilize  will  be  preempted, 
and  then  will  come  the  time  when  the  supplies  that  have  been  ruth- 
lessly damaged  must  be  purified.  It  can  be  done,  but  it  costs  money. 
Water  rates  will  rise,  and  then  everj^  man  will  have  to  decide  for  him- 
self whether  it  will  be  more  profitable  for  him  to  remain  where  he  has 
built  up  his  business  or  to  migrate  to  some  place  where  the  supply  of 
^ater  is  yet  unpolluted,  or  where  tlie  citizens  have  been  forehanded 
enough  to  keep,  by  well-considered  legislation,  the  cost  of  purifying 
their  water  supply  within  reasonable  limits. 

Often  before  industry  is  crippled  by  bad  water  a  town  or  city  expe- 
diences epidemics  of  water-borne  disease  that  result  from  an  impure 
^ater  supply.  This  condition  is  brought  al)out  by  contamination  of 
^ho  water  by  the  feces  of  persons  sick  with  Asiatic  cholera  or  t\T)hoid 
^^ver.     Happily   in    this    country    outbreaks    have    generally    been 
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limited  to  the  latter  disease.  At  first  the  policy  of  concealment  is 
adopted  by  the  afflicted  commimity,  and  "malaria"  is  said  to  be 
present.  Later,  when  suspicion  arises  that  the  trouble  is  something 
more  serious,  the  terms  "fever"  or  "typhoid  malaria"  are  used,  and 
when  the  outside  world  can  be  no  longer  deceived  by  euphuistic 
names  it  is  admitted  that  "there  was  some  typhoid  last  year."  By 
this  time  the  degree  of  contamination  in  the  supply  has  either  become 
sufficiently  great  to  produce  typical  cases  of  typhoid  fever,  or  so  many 
cases  develop  at  one  time  that  an  epidemic  is  said  to  be  present. 
Public  opinion  is  aroused,  the  town  is  bonded  for  the  construction  of 
a  new  water  supply  or  for  purification  works,  and  the  tribute  of 
human  lives  demanded  by  pollution  is  stopped. 

Both  sewage  and  industrial  pollution  may  inffict  great  loss  in  the 
commimity  by  making  its  streams  unfit  for  harvesting  ice.  The  late 
Prof.  Thomas  M.  DroA^nri'*  showed  that  ice  in  freezing  has  a  decided 
tendency  to  exclude  impurities,  but  he  foimd  this  action  to  be  most 
marked  in  the  layers  that  are  formed  by  the  slow  growth  of  the  ice 
downward,  because  the  surface  in  its  rapid  congealing  entangles  sus- 
pended matter,  particularly  if  the  water  is  stirred  up  by  the  winc^. 
Moreover,  if  the  ice  is  frozen  after  surface  flooding,  which  is  fre- 
quently brought  about  intentionally  by  the  harvesters,  it  will  contain 
all  the  impurities  of  the  water  so  added.  In  making  artificial  ice  in 
the  ordinary  way  the  entire  body  of  the  water  is  frozen  and  all  the 
impurities  are  concentrated  in  the  last  part  of  the  cake  to  freeze. 
Hence  an  impure  water  is  particularly  imdesirable  for  ice  manufac- 
ture. Likewise,  when  shallow  ponds  freeze  solid,  the  impurities  are 
concentrated  in  the  bottom  ice. 

The  fact  that  ice  forms  in  greater  purity  than  its  surrounding 
medium  undoubtedly  has  permitted  it  to  be  obtained  from  question- 
able sources  and  still  to  be  used  with  impunity.  But  outbrea.ks  of 
typhoid  fever  have  been  attributed  to  polluted  ice,  and  it  is  certain 
that  a  stained  or  ill-smelling  ice  is  imsalable,  so  that  consumer  and 
producer  alike  suffer  from  river  pollution.  Indeed,  probably  most 
readers  know  of  ice  ponds  which  have  had  to  be  abandoned  because 
the  ice  from  them  was  no  longer  marketable. 

The  question  how  best  to  get  rid  of  the  wastes  of  human  life  and  of 
the  industries  which  are  a  part  of  it  is  a  very  pressing  one.  Even' 
health  officer  is  familiar  with  the  subterfuges  adopted  to  avoid  the 
expense  attendant  on  the  proper  disposal  of  these  wastes.  Very 
naturally,  rivers  have  been  seized  on  as  the  easiest  way  to  solve  the 
problem,  because  they  passively  accept  all  burdens  given  to  their 
charge  and  carry  them  away.  Indeed,  water  has  been  called  the 
great  scavenger,  and  not  a  few  manufacturers  regard  the  streams  as 
natural  sewers  created  by  Providence  for  their  use. 
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Natural  beauty  has  a  distinct  value,  and  those  who  mar  it  impair 
the  resources  of  a  country,  for  a  discolored  repulsive  stream  will  not 
be  utilized  for  recreation  purposes,  and  a  stinking  one  will  not  be 
featured  in  realty  advertisements.  The  monetary  loss  to  communi- 
ties arising  from  severe  pollution  of  the  streams  on  which  they  are 
located  is  often  very  heavy,  and  the  damage  is  reparable  only  at  great 
expense. 

The  constantly  increasing  cost  of  food  has  become  a  serious  factor 
in  the  development  of  the  country.  Dishes  that  were  common  on  the 
tables  of  oiu*  fathers  have  become  rarities  to  many  and  are  entirely 
forgone  by  not  a  few.  In  spite  of  this  we  are  carelessly  curtailing 
our  fish  supply,  as  the  filth  poured  into  our  streams  and  rivers  drives 
the  fish  from  their  spawning  grounds.  Some  streams  they  have  quite 
abandoned ;  others  they  visit  in  decreasing  numbers.  It  is  true  that 
we  place  large  quantities  of  fry  in  various  streams  every  year,  but 
some  fish — the  sturgeon,  for  example — can  not  be  perpetuated  in 
this  way. 

.  It  should  be  remembered  that  some  one  always  pays  for  water  pollu- 
tion. If  the  laws  are  such  that  they  relieve  one  corporation  of  caring 
for  the  wastes  it  creates,  it  is  likely  that  they  entail  great  expense  on 
another.  Thus  a  railroad  which  is  compelled  to  use  polluted  water  in 
its  locomotives  will  in  consequence  have  many  repairs  to  make,  and 
the  increased  cost  of  mileage  caused  thereby  will  have  to  be  borne  by 
those  who  travel  and  transport  goods  over  the  road.  Similarly,  if 
one  man  is  unmolested  in  turning  the  effluent  from  his  mill  into  a 
stream,  it  may  drive  his  neighbor  downstream  to  drill  deep  wells  in 
order  to  introduce  a  new  water  supply  into  his  works.  Instances  of 
this  sort  of  thing  might  be  multiplied,  but  it  is  enough  to  recognize 
the  fact  that  though  a  river  basin  may  lie  in  several  States,  as  does 
the  Potomac,  its  people  are  more  closely  bound  together  by  its  waters 
than  are  the  inhabitants  of  a  single  State  by  the  arbitrary  boundary 
lines  established  for  them.  The  silver  river  threads  are  direct  lines 
of  communication  between  each  individual  and  every  other  below 
him  on  the  stream.  The  offenses  that  he  commits  against  the  water 
are  paid  for  by  his  fellow  countrymen  in  the  basin,  and  the  bill  is 
large  or  small  according  to  the  gravity  of  the  transgressions. 

INDUSTRIES  DISCHARGING  WASTES    INTO  THE    STREAMS. 

In  order  that  a  clear  understanding  may  be  had  of  the  various 
wastes  which  enter  the  Potomac,  a  description  of  the  manufacture  of 
the  principal  products  of  the  Potomac  basin  is  subjoined. 

LEATHER   TANNING. 

Pelts  are  divided  into  three  classes,  according  to  their  size.  Hides 
are  skins  from  large  and  fully  grown  animals,  such  as  the  cow,  ox,  and 


194  THE   POTOMAC   RIVER   BASIN.  i 

horse,  and  make  heavy  leather,  such  as  shoe  soles,  belting,  and  trunk 
leather.     Kips  are  the  skins  from  yearlings  of  the  above  species  or 
from  undersized  animals.     Skins  are  obtained  from   small  animals, 
such  as  calves,  goats,  sheep,  and  dogs,  and  yield  a  lighter  leather,  suit' 
able  for  a  great  variety  of  purposes.     The  thickest  and  heaviest  hides 
come  from  sparsely  settled  countries,  and  a  hide  varies  in  thickness 
and  texture  in  different  parts,  being  thicker  on  the  neck  and  butt  than 
on  the  flank  and  belly.     The  skin  of  the  animal  is  made  up  of  three 
layers.     The  first  or  outer  layer  is  known  as  the  epidermis,  and  con- 
sists of  a  dead  layer  which  is  continually  being  worn  off  and  of  a  Utc 
layer  which  renews  the  dead  layer  as  it  wears  away.     To  this  epider- 
mis the  hairs  of  the  animal  are  attached.     The  second  layer,  or  corium. 
is  the  true  skin,  and  the  only  part  of  the  hide  which  is  valuable  in  mak- 
ing leather.     It  consists  of  connective  tissue  composed  of  bundles  of 
fibers  which  interlace  somewhat  closely  on  the  under  side,  but  are 
closely  matted  on  the  epidermal  side.     The  third  and  inmost  layer  is 
a  loose  network  of  connective  tissue,  containing  muscular  fibers,  fat 
cells,  blood  vessels,  and  sudorific  glands,  whose  ducts  pass  through  the 
corium  and  epidermis. 

The  peltscome  to  the  tanner ' '  green  "  (fresh  from  the  slaughterhouse), 
wet,  or  dry  salted  (with  the  salt  rubbed  on  the  flesh  side) ,  or  as  dry 
hides.  The  dry  hides  are  mostly  imported  from  South  AmeriJa. 
Green  pelts  are  usually  washed  in  clear  water  to  free  them  from  blood 
and  dirt;  salted  pelts,  if  not  dried,  are  washed  in  several  changes  of 
water  to  remove  the  salt,  which  retards  the  action  of  the  lime  in  the 
unhairing  processes  and  also  induces  efllorescence  (spewing)  on  the 
finished  leather.  Dried  hides  must  be  softened  by  soaking  them  in 
lukewarm  water  or  in  the  li(|Ut)r  drawn  from  the  soaking  of  a  previous 
lot.  The  water  dissolves  a  part  of  the  hide  substance  and  putrefaction 
soon  begins,  the  li(iUor  developing  an  alkaline  reaction,  owing  to  the 
formation  of  amines  and  ammonia,  which  give  it  a  much  more  rapid 
softening  action  on  the  skin.  Great  care  is  necessary  in  using  this 
*' putrid  soak,"  for  it  is  likely  to  attack  the  hide  itself.  The  time  of 
soaking  vari(\s  from  two  or  three*  days  to  as  many  weeks,  depending 
on  the  tliickness  and  dryness  of  the  hide  and  the  age  and  tempera- 
ture  of  the  soak  ii(|Uors.  When  the  hide  is  soft  enough  to  bend  in  a 
short  turn  without  cracking,  it  is  put  into  the  '^stocks,"  where  it  is 
pounded  and  rolled  under  heavy  wooden  mallets  and  rolls. 

The  character  of  the  water  used  in  a  tannery  is  important.  Soft 
water  makes  the  skins  lliin  and  slim,  which  is  desirable  in  light  leather. 
Water  containing  ealeiuni  or  magnesium  sulphate  "plumps''  or  swells 
the  hide,  thus  exposing  a  larger  surface*  to  the  action  of  the  tan  liquors, 
which  is  desirable  for  heavy  hides.  Water  hearing  carbonates  of  lime 
or  magnesia  gives  trouble*,  because  in  tlie  tan  pits  these  salts  are  trans- 
niiitrd  into  t annates  of  Umc  aud  uviV^uesia,and  these  rapidly  oxidize  in 
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lir  into  tan-oxalic  and  tan-melanic  acids,  which  impart  a  recjdish- 
Ti  color  to  the  leather.  Ferruginous  waters  can  not  be  used  in 
ing,  for  the  ferric  salts  combine  with  the  tannin  and  produce  a 
k  coloration  of  tannate  of  iron.  Chlorides  cause  the  hides  to 
I;"  that  is,  to  become  thin  and  flabby.  Perhaps  this  is  due  to  the 
ter  solubiUty  of  the  coriin  in  saline  liquors.  If  used  for  washing 
*  the  liming,  water  having  temporary  hardness  tends  to  fix  the 

among  the  fibers  in  an  insoluble  form,  thus  causing  the  leather 
3  harsh  on  the  grain  and  producing  color  spots  because  of  unequal 
)sits  of  tannin  and  coloring  matters  while  the  skin  is  in  the  tan 
If  the  water  contains  organic  impurities  it  may  have  an  acid 
ire  and  cause  the  hides  to  **faH"  after  liming.  Highly  polluted 
?rs  can  not  be  used  in  tanning,  because  the  putrefactive  bacteria 
ck  and  destroy  the  hides. 

ae  '* putrid  soak'*  and  the  liquor  from  the  washings  of  the  green 
salted  hides  are  uniformly  discharged  into  the  nearest  creek,  being 
rded  by  the  tanner  as  so  much  dirty  water  and  nothing  more.  As 
atter  of  fact,  this  liquor  contains  much  salt  and  organic  matter, 
putrid  soak  may  also  contain  cresol  or  other  preservatives,  which 
sometimes  used  in  conserving  the  dried  hides.     The  soak  liquors 

be  the  means  of  spreading  anthrax.  An  outbreak  of  this  disease 
rred  in  Pennsylvania  in  the  spring  and  autumn  of  1897  and  was 
stigated  by  Ravinel.  Three  tanneries  operated  by  the  United 
es  leather  Company  were  involved.  It  was  found  that  each  of 
\  had  received  a  part  of  a  cargo  of  hides  from  Chicago,  and  it  was 
ved  that  they  were  the  fomites  which  spread  the  disease.  In  one 
le  tanneries  twenty-four  cases  of  '* malignant  pustule"  developed, 
of  which  proved  fatal.  Below  this  tannery  12  head  of  cattle 
,  some  of  the  deaths  occurring  as  much  as  10  miles  downstream. 
11,  12  men  and  60  head  of  cattle  died  near  the  tanneries.  The 
were  without  exception  operatives,  while  the  cattle  were  on  pas- 
5  watered  by  the  streams  carrying  tannery  efiiuents. 
icteriological  experiments  were  conducted  which  led  to  the  con- 
on  that  the  process  of  tanning  as  ordinarily  carried  out  does  not 
ly  way  protect  the  operative  from  infection  by  the  anthrax  genu.** 
le  second  step  in  tanning  is  the  '^unhairing'^  of  the  hides,  and  this 
complished  in  two  wnys^oith(T  by  sweating  or  liming.  Green 
5  are  usually  sweated  by  allowing  them  to  hang  in  a  room  where 
•emperature  is  70°  F.,  and  piTmitting  disintegration  to  advance 
le  point  at  whicli  the  hair  can  be  readily  removed  mechanically, 
)eyond  which  the  hide  is  injured  by  being  itself  attacked.  Before 
ng  to  the  next  stage,  tn^iting  with  tannin,  s\veat<Ml  hides  must  be 
mped"  by  immersion  in  dilute  acid,  such  as  hydrochloric  acid. 
iiing,  the  skins  are  laid  in  a  vat  or  pit  with  milk  of  lime,  which 
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loosens  the  epidermis  and  forms  a  soap  with  the  fatty  matter.  It  ak 
dissolves  the  coriin — the  intercellular  substance  which  fills  the  spac 
between  the  bundles  of  fibers — loosening  the  fibers,  which  swell  ai 
plump  the  hides.  Lime  is  used  in  excess  in  amounts  varying  fe 
half  a  pound  for  a  small,  light  skin,  to  4  pounds  for  a  heavy  one.  1 
vats  or  pits  when  prepared  to  receive  the  skins  are  called  limes.  1 
skins  are  turned  over  and  worked  about  at  intervals  while  in  the  v 
Heavy  hides,  which  are  to  form  a  stiff,  hard  leather  are  limed  for  ( 
few  days,  but  when  a  soft,  elastic,  and  pliable  product  is  desired 
process  is  continued  for  fifteen  to  twenty  days  or  longer.  Wan 
the  limes  to  85*^  or  90°  F.  hastens  the  action  very  much,  but  ca 
the  skins  to  **fall."  Dried  hides  are  often  treated  by  adding  soc 
sulphide  to  a  thick  cream  of  lime,  forming  a  paste  which  is  sprea 
the  hair  side  of  the  skin,  after  which  the  hide  is  folded  together,  > 
the  hair  can  be  easily  removed  after  a  few  hours.  This  pr 
depends  on  the  formation  of  calcium  sulphide,  which  dissolves  the 
in  contrast  to  the  process  employing  lime  alone,  which  dissolve 
hair  sheath  as  well  as  the  intercellular  substances  and  softens  the 
dermis,  which  comes  off  when  the  hair  is  scraped.  Sometime: 
sodium  sulphide  is  added  in  solution  to  the  milk  of  lime  instead  of  1 
applied  as  a  paste.  Still  another  process  for  unhairing  dried  hie 
the  adding  of  arsenic  sulphides  to  the  amount  of  10  per  cent  oi 
weight  of  lime.  This  forms  calcium  sulfarsenite  (HCaAsSj),  whi 
a  very  rapid  depilatory.  The  waste  from  the  lime  pit  is  frec|U( 
turned  directly  into  the  nearest  stream,  hut  the  best  tanners  util 
as  a  fertilizer  by  running  it  into  ])ools,  where  it  is  allowed  to  evapo 
The  accumulated  material  is  appUed  to  the  land,  on  which  it  seet 
have  a  very  good  efTect,  probal)ly  on  account  of  the  large  amou 
organic  matter  derived  from  the  hides,  though  the  lime  itself  nu 
some  cases  be  valuable  to  neutralize  acid  soils.  It  is  not  likely 
those  ^' limes'^  which  contain  arsenic  could  be  used  in  this  mai 
and  they  cause  much  trouble  in  those  places  where  entire  tan 
wastes  are  treated  by  interniittent  iiltration,  because  they  kill  the 
teria,  which,  of  course,  destroys  the  action  of  the  filter  bed. 
wasteful  and  unnecessary  to  dispose  of  the  lime  waste  by  runni 
into  a  stream.     It  shouhl  always  be  recovered  as  a  fertilizer. 

When  the  hide  has  been  unhaired  by  one  of  these  processes, 
washed,  and  the  washings  are  added  to  the  liquors  wasted  fron 
lime  vats;  it  is  then  ready  for  the  ^'beani,"  a  peculiar  sloping  b 
or  table  on  which  the  hides  can  be  spread  out  and  conveni( 
worked.  On  the  beam  the  hair  and  epidermis  are  scraped  off 
a  blunt  knife,  and  the  fatty  tissues  are  removed  with  a  sharper 
After  trimming  off  the  waste  parts  of  the  skin  it  is  thoroughly  wa 
and  is  usually  again  scraped  on  the  beam  (^ ^scudded"),  to  rer 
as  much  of  the  lime  as  possible.     The  hair  is  sold  for  cheap  c 
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and  blanket  manufacture,  or  most  usually  is  disposed  of  to  plasterers. 
The  flesh  and  partially  saponified  fat  which  are  removed  from  the 
inside  of  the  hide  are  collectively  known  as  ''fleshings/*  and  are 
rither  dried  and  sold  to  glue  manufacturers  or  are  rendered  and  the 
lat  sold  for  the  manufacture  of  dfigras.     The  Uquor  which  results 
from  rendering  the  fleshings  is  turned  into  the  nearest  watercourse, 
^     \)ut  it  should  go  to  the  lime  pool.     From  the  beam  house  the  hides 
which  are  not  to  be  made  soft  and  pUable  go  directly  to  the  tanning 
^    Kquors,  while  those  skins  to  which  it  is  desired  to  impart  these  qual- 
^  ~    ities  are  "bated''  or  "puered.''     Bating  consists  in  soaking  hides  in 
a  mixtiu'e  of  dog  or  bird  dung  in  warm  water.     This  quickly  be- 
comes putrid  and  evolves  hydrogen  sulphide.     By  some  it  is  claimed 
^    that  the  bate  merely  removes  the  lime  from  the  pores  of  the  hide, 
'     while  others  assert  that  it  also  takes  away  some  of  the  coriin,  thus 

-  fearing  the  fibers  looser  and  allowing  more  perfect  action  of  the  tan 
^   liquors.     The  latter  view  seems  to  be  more  probable,  for  there  is  little 

-  doubt  that  the  bacteria  in  the  bate  do  feed  on  the  hide  substances. 
Moreover,  the  forms  of  tripepsin,  pancreatin,  etc.,  present  undoubt- 

-  ^y    have  some  function,  for  when  used  alone  they  will  cause  a 

'plump''  skin  to  "fall."  Also  the  ammonia  salts  formed  probably 
assist;  in  the  solution  of  the  lime  and  the  skin.  The  process  lasts 
froDci  two  to  four  days,  according  to  the  thickness  of  the  skin  and  the 
^Da.j>erature.  It  is  largely  dependent  on  atmospheric  conditions, 
^lUg  much  more  rapid  in  warm,  sultry  weather,  such  as  precedes  a 
thunderstorm,  when  a  few  hours  are  often  sufficient  to  injure  the 
.  skin,  xt  all  times  great  care  must  be  used  and  the  skins  stirred 
about  frequently  to  prevent  too  great  local  action,  which  would 
Pr^uce  thin  places  or  holes  in  the  leather.  Many  proposals  have 
been  made  to  replace  the  offensive  bate  with  pure  solutions  of  weak 
'^^^^eral  and  organic  acids,  but  such  substitutes  have  not  been  suc- 
^^^ssful,  the  objection  being  that  they  make  the  leather  harsh  and  of 
:    *  l>a.ci  grain. 

To  effect  a  complete  removal  of  the  lime  the  skins  are  passed  from 

^^  tate  into  the  ''bran  drench,"  an  infusion  of  bran  and  water  at  a 

^'^perature  of  about  89.5®  F.     Acetic  and  but}Tic  acids  are  devel- 

^P^fi  and  neutralize  the  lime.     The  wastes  from  the  bate  and  drench 

^^    not  large  and  should  be  utilized  for  fertilizer  in  the  same  way 

*®^^lie  spent  lime  liquors.     This,  however,  is  rarely  done,  the  custom 

oen^  to  turn  them  loose  into  some  stream.     Both  the  light  and  the 

.  ^^^  hides  are  now^  ready  for  the  tanning  process.     There  are  three 

^;^^is  of  tanning — with  tannin  in  any  form  (vegetable  tannage), 

^^^Vi  metallic  salts  (mineral  tannage  or  tawning),  and  with  oils  or 

*^t,^   (oil  tannage).     As  only  the  first  process  is  used  by  Potomac 

^^*^Vey  tanneries  it  alone  will  be  described. 
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The  tanning  liquors  are  usually  made  by  extracting  finely  ground 
che.stnut-oak  or  hemlock  bark  with  water.  Hides  treated  with  infu- 
sions of  the  former  make  a  tough,  durable  leather  known  as  oak- 
tanned;  infusions  of  hemlock  bark  make  a  hard,  stiff  leather  known 
as  hemlock-tanned ;  a  combination  of  the  two  produces  union-tanned 
goods.  Hemlock-tanned  leather  is  of  two  varieties — acid  and  non- 
acid.  In  oak,  nonacid,  and  imion  tanning  the  processes  are  essen- 
tially the  same,  and  so  only  oak  tanning  and  acid  hemlock  tanning 
will  be  described. 

Good  tanning  material  yields  other  extractive  matters  than  tannic 
acid  when  treated  with  water.     They  are  nontannins  and  consist 
mainly  of  sugars,  gums,  resins,  and  coloring  matters,  which  assist  in 
tanning  in  several  ways.     Some  of  them  are  directly  absorbed  by  the 
skin,  increasing  its  weight  and  solubility;  others  set  up  fermentation 
in  the  tan  pit,  producing  organic  acids,  which  assist  in  the  formation 
of  a  leather  of  good  body  and  weight.     Tannins  derived  from  gallic 
acid  cause  a  white  efflorescence  (ellagic  acid)  on  the  leather,  while 
those  of  the  protocatechuic-ucid  group  deposit  red  coloring  matters 
(phlobaphenenes).     The  tan  liquors  are  prepared  by  systematic  lix- 
ivia tion  of  the  ground  tan  stuffs.     Warm  water  is  generally  used  for 
extracting  the  ground  bark,  and  the  process  is  usually  carried  on  at 
the  top  of  the  tannery,  so  that  the  liquor  can  be  readily  distributed 
about  the  works,  eitlior  to  phs  which  are  to  l)e  strengthened  up  or  to 
those  which  are  to  be  filled  jjiiew.     Prepared  tanning  extracts  are 
often  used,  either  alone  or  in  conjunction  with  the  liquor  obtained 
1)}"  extracting  the  hark  at  the  tannery.     These  prepared  extracts  are 
fre(juently  adulterated  with  ghicose  or  molasses,  so  that  tests  \\'itli 
the  harkonieter-   a  special  form  of  hydrometer  used  for  determining 
the  strengtli  of  tan  li([U()rs — arc  of  no  value.     In  tanning,  the  hides 
(^ 'butts")  are  first  hung  from  frames  in  vats  (^^suspenders'')  contain- 
ing weak  or  nearly  spent  tan  licjuors  from  a  ])revious  lot.     There  they 
are  mechanically  agitated  in  order  that  they  may  take  up  the  tannin 
evenly.     W(*ak  licjuors  are  us(h1  at  first,  because  strong  ones  wouW 
harden  the  surface  of  tlie  butt  and  prevent  the  thorough  penetration 
into  the  interior  of  the  hide.     Tliis  partial  tannage  strengthens  the 
hides  sudiciently  for  them  to  withstand  the  rough  usage  which  they 
receive  when  transferred  to  the  ''handl(Ts"-   vats  where  the  hides 
lie  flat  in  a  pile  and  an*  worked  over  (^'handled")  once  or  twice  a 
day  for  a  month  or  six  weeks.     There  are  several  of  these  vats,  and 
the  hides  are  treated  systematically  first  witli  weak  and  then  with 
stronger  licjuors,  after  which  they  are  put   into  the  "layers" — pits 
filled  with  alternate  layers  of  hides  and  ground  bark  and  velonia,  etc. 
Strong  licpior  (''ooze'')  of  35°  harkometer  is  run  in  until  the  hides 
are  submerged,  and  the  pit  well  is  then  covennl  with  ground  bark  to 
exclude  the  air.     After  eij^ht  ov  low  davs  the  hides  are  taken  out. 
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ibbed  clean,  and  '  'laid  away  ^*  again  in  fresh  tan  and  stronger  liquor, 
1  which  they  remain  a  longer  time.  This  process  is  often  repeated, 
ae  time  consumed  being  on  an  average  from  eight  to  ten  months, 
he  process  may  be  hastened  by  keeping  the  liciuor  in  the  tan  pit  in 
>nstant  circulation,  or  by  using  pressure  to  force  the  liquor  into  the 
dns,  or  by  using  strong  extracts  and  continually  moving  the  skins, 
s  a  rule,  however,  rapid  tannage  makes  the  hides  lacking  in  sub- 
ance  Chungry^O  or  brittle.  In  oak  tanning,  of  sole  leather, 
5ually  one  hundred  and  twenty  to  two  hundred  days  are  consumed. 
Tien  the  hide  comes  from  the  lay-away  vats  it  is  covered  with  a 
bloom''  of  ellagic  acid,  which  sole-leather  and  harness-leather  tan- 
jrs  remove  with  ''scouring  machines''  to  unprove  the  appearance 
'  the  goods.  Scouring  requires  considerable  water,  which  is  stained 
d  by  the  process.  The  waste  is  uniformly  turned  into  the  nearest 
ream  and  of  course  discolors  it. 

In  acid  hemlock  tanning,  the  hides  are  first  colored  with  a  weak 
)lution  of  tannin,  after  which  they  are  abnormally  swelled  by  being 
ut  in  a  10  to  30  per  cent  bath  of  sulphuric  acid,  where  they  remain 
>r  twenty-four  to  forty-eight  hours.  They  are  then  put  in  a  stronger 
innin  solution  and  are  linished  in  one  hundred  and  sixty  days. 

The  waste  tan  liquors  or  sour  bark  liquors,  as  they  are  usually 
ermed,  are  usually  the  most  voluminous  w^astes  from  a  tannery  and 
consist  of  a  small  percentage  of  tannic  and  gallic  acids,  with  consider- 
ible  organic  matter  in  suspension.  They  are  usually  discharged  into 
a  stream,  either  constantly  or  in  large  volumes,  at  regular  intervals, 
and  are  always  strong  enough  to  color  the  w  ater  a  deep  red  and  to 
stain  the  banks  and  bottom  of  the  stream.  The  volume  is  so  large 
that  this  waste  is  difficult  to  treat.  The  most  successful  way  of  deal- 
Jig  with  it  know^n  at  present  is  that  devised  by  the  Massachusetts 
5tate  board  of  health;  in  this  process  it  is  mixed  with  city  sewage  and 
treated  by  intermittent  filtration.  Such  a  method  of  treatment  could 
lot  be  applied  in  the  Potomac  drainage  area,  because  the  tanneries 
U'e  located  in  places  where  city  sewage  is  unavailable.  Some  tanners 
'laim  that  they  have  practically  no  w  aste  of  sour  bark  liquor,  because 
'hey  maintain  a  constant  circulation  of  the  liquor  through  their  works; 
hat  is,  w^hen  the  liciuor  is  so  depleted  as  to  be  of  no  further  use  for 
anning  it  is  run  back  onto  fresh  ground  bark,  where  its  strength  is 
enewed.  In  tanneries  of  this  type  it  is  generally  found  necessary  to 
raste  the  tan  liciuor  which  first  receivers  the  hide  after  it  conies  from 
he  '*beam,"  as  the  lime  salts  c^xtracted  at  that  time  are  thought  to  bo 
ifficient  in  amount  to  adVct  lar^o  volunu\s  of  tan  liciuor,  making  it 
im  out  a  brittle  leather.  Many  tanners  refuse  to  adopt  this  con- 
nuous-circulation  process,  chiiininir  that  they  can  not  get  the  kind 
:  leather  they  are  in  the  habit  of  producing  by  its  use. 
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After  hides  are  tanned  they  are  washed  in  clear  liquor,  and  when 
they  have  dried  somewhat  they  are  oiled  on  the  grain  and  hung  on 
poles  in  the  drying  loft.  When  about  half-dry  they  are  laid  in  piles 
C^sammed")  and  allowed  to  sweat,  so  as  to  facilitate  the  *' striking" 
operation  which  follows;  this  is  done  by  hand  or  machinery.  They 
are  then  allowed  to  dry  a  little  more,  and  finally  they  are  rolled  again, 
after  which  they  are  ready  for  the  market,  though  in  some  factories 
the  hides  are  colored  on  the  grain  side  by  a  mixture  of  ocher  with  si» 
and  oil  to  give  the  leather  gloss. 

In  the  final  finishing  up  of  the  leather — that  is,  in  cases  where  hides 
are  oiled  or  stuffed  at  the  tannery — considerable  oil  escapes  into  the 
nearest  creek,  making  it  unsightly. 

The  spent  tan  bark,  which  formerly  caused  much  complaint  when 
it  was  discharged  into  the  stream  and  allowed  to  accumulate  about 
the  tannery,  is  now  disposed  of  without  trouble,  because  it  has  been 
discovered  to  be  a  valuable  fuel  and  is  used  for  such  both  in  extract 
plants  and  tanneries.  But  a  single  instance  was  foimd  in  the  course 
of  this  investigation  where  any  trouble  was  caused  by  spent  tan  bark. 
This  was  at  Moorefield,  where  a  tanner  had  accommodated  the  pro- 
prietor of  a  gristmill  by  furnishing  him  spent  tan  bark  to  stop  the 
many  leaks  in  the  old  dam  which  furnished  power  to  the  mill.  It 
was  said  that  the  stream  was  considerably  discolored  in  consequence. 

To  sum  up  the  wastes  from  the  processes  of  tanning,  most  of  them 
are  putrefactive  and  therefore  add  materials  to  the  stream  which 
make  it  capable  of  sustaining  bacterial  life,  and  for  this  reason  their 
presence  is  objectionable.  Moreover,  when  all  the  wastes  are  turned 
into  a  stream,  unless  it  is  a  very  large  one,  they  discolor  it,  making 
it  imsightly  and  also  cause  a  great  nuisance  by  the  odors  of  decompo- 
sition which  rise  in  the  stream  and  in  the  vicinity  of  the  tannery. 
Wierc.  tannery  oHluonts  are  discharged  into  streams  polluted  wth 
mine  waters  large  (luantitics  of  tannate  of  iron  are  formed,  thus  lit- 
erally converting  the  waters  into  rivers  of  ink.  It  is  needles  to  say 
that  this  condition  is  vigorously  resented  by  all  who  are  unfortunate 
enough  to  he  brought  into  contact  with  it. 

MANUFACTURE    OF   TANNING    EXTRACTS. 

Tanning  extracts  arc  made  by  leaching  various  finely  ground  tan- 
nin-bearing  materials,  such    as  sumac    and    chestnut-oak  wood,  in 
water  and  then  evaporating  the  solution  to  a  thick  sirup.      It  is  per- 
fectly j)ossil)le  to  manufacture  the  extracts  without  offense,  but  leaky 
vats  ])ro(luce  extensive  discoloration  of  the  streams  into  which  they 
discharge,  and  in  certain  places  this  causes  much  complaint.     An 
entirely  negligible  amount  of  tannin  escapes  in  the  condenser  water 
from  all  extract  factories.     Car])onate  waters  are  unsuitable  for  the 
manufacture  of  extracts  for  use  in  dyeVw^,  «^  W\«^  form  *' lakes''  with 
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he  dyes,  and  consequently  loss  of  coloring  matter  ensues.  The  con- 
;entration  of  large  volumes  of  the  tannic  juice  made  with  carbonate. 
Rraters  causes  the  precipitation  of  normal  carbonates  of  lime  and 
magnesium,  which  are  harmful  in  the  tan  pits.  Iron  in  the  water 
combines  with  the  tannic  and  other  acids  extracted,  forming  ferric 
compounds,  which  give  dark-blue,  olive,  and  green  precipitates  that 
not  only  discolor  hides,  but  waste  the  tannin-forming  materials  from 
which  the  extract  is  made.  Moreover,  compounds  of  the  tannic  acids 
with  salts  of  the  alkaline  earths  result  when  water  containing  appre- 
ciable quantities  of  these  salts  is  used  in  extracting.  Thus  the  extracts 
produced  are  poorer,  and  the  process  of  manufacture  is  slower,  because 
the  deposits  prevent  the  water  from  penetrating  into  the  woody  fiber. 

MANUFACTURE   OF    WOOD    PULP. 

There  are  three  common  ways  of  manufacturing  wood  pulp,  known 
as  the  mechanical,  the  soda,  and  the  sulphite  processes.  The  first 
two  of  these  are  used  in  the  Potomac  Valley  and  will  be  briefly 
described. 

Mechanical  wood  pulp- — The  bark  is  first  shaved  off  the  wood  and 
then  the  knots  are  removed,  after  which  it  is  cut  up  into  blocks, 
gaged  to  the  width  of  the  stones  used  in  grinding.  These  stones  are 
usually  imported  from  Scotland  and  are  of  sandstone,  covered  over 
three  quadrants  with  an  iron  casing,  the  fourth  being  left  bare.  The 
faces  of  the  stones  are  kept  rough,  as  they  revolve,  by  a  steel  roller 
studded  with  points,  which  is  pressed  against  them.  In  addition  to 
this,  two  sets  of  channels,  which  cross  each  other  in  the  center  of  the 
stones,  are  cut  into  them  about  one-quarter  of  an  inch  deep  at  dis- 
tances of  2  to  3  inches.  They  carry  the  pulp  to  the  sides  of  the  stones 
^d  give  them  increased  grinding  surface. 

The  wood  is  forced  against  the  revolving  stones,  over  which  a  water 
let  plays,  and  by  means  of  screws  worked  by  a  suitable  gearing  is  held  at 
he  steady  pressure  necessary  to  insure  a  pulp  of  uniform  character. 
Hie  water  jet  carries  away  the  pulp  as  fast  as  it  forms,  first  to  the 
'^ke,  which  catches  the  splinters  that  have  escaped  grinding;  then 
he  stream  of  pulp  passes  through  the  sorters,  cylinders  3  feet  long 
^t\d  2  feet  wide,  of  wide -meshed  wire  cloth,  which  separate  the 
fXsufficiently  disintegrated  fragments.  The  fibers  that  are  retained 
re  subsequently  reduced  to  the  proper  size  in  the  '^refiners/'  which 
re  cylinders  of  sandstone,  one  above  the  other,  the  upper  one  of 
''hich  revolves.  The  material  that  passes  the  refiners  is  again 
:»reened  and  returned  to  the  pulp  stream,  from  whicli  the  sorter  is 
>nducted  through  a  series  of  screens  of  gradually  increasing  fineness, 
id  thus  graded  into  difFerent  qualities.  The  ground  and  sorted  pulp, 
ixed  with  water,  flows  into  a  tank  in  which  revolves  a  cylinder 
»vered  with  wire  gauze.     The  water  passes  l\vrow^  \Xv^  qt^YwA^x^ 
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while  the  pulp  adheres  and  is  delivered  to  an  endless  belt,  which  car- 
ries it  to  a  pair  of  squeeze  rollers.     The  pulp  is  compacted  in  passin;^ 
tlirough  these  rolls  and  sticks  to  the  upper  one,  from  which  it  caii  be 
readily  removed  when  it  has  become  sufficiently  thick.     Finally,  it 
is  cut  into  sheets,  which  are  pressed  into  boards  of  convenient  siiie 
for  transportation.     Mechanical  wood  pulp  is  suitable  only  for  the 
cheapest  kind  of  paper,  such  as  newspapers,  because  the  fibers  are 
short  and  do  not  felt  together  well,  henc«  the  paper  lacks  strength; 
moreover,  it  yellows  readily,  as  the  lignin  and  resin  which  the  pulp 
contains  predominate.     Mechanical  wood  pvilp  is  much  used  as  a 
filler  in  manufacturing  certain  kinds  of  paper. 

No  chemicals  are  used  in  this  method  of  pulp  production,  so  that 
there  are  no  liquid  wastes  to  produce  noxious  effects  on  streams  and 
lakes,  but  the  shavings  and  the  finest  fiber  that  escape  cause  bitter 
complaint.  (See  PI.  VIII,5,  p.  222.)  They  soon  become  wat^r-logged 
and  sink,  accumulating  rapidly  on  the  bottom  of  the  stream,  with  the 
result,  as  one  old  fisherman  aptly  put  it,  **that  the  bedding,  feeding, 
and  breeding  grounds  of  the  fish  are  destroyed.'*  The  effect  on  the 
spawTi  is  particularly  bad,  for  the  motion  of  the  water  rolls  the  material 
over  the  eggs  and  smothers  them.  Besides,  in  time  the  mass  begins 
to  rot  and  then  certain  gases  are  liberated,  which  als6  may  have  a 
harmful  effect  on  fish  life. 

It  is  wliolly  unnecessary  to  dispose  of  the  shavings  in  the  streams, 
for  they  can  be  burned  at  no  great  expense,  and  the  laws  wliich  pro- 
hibit sawmill  j)()llution  sliould  be  extended  to  cover  mechanical  pulp 
mills. 

Soda  wood  pulpJ^  —In  tlie  manufacture  of  soda  wood  pulp  the  loirs 
are  cut  to  thin  shavings  and  arc  treated  for  about  eight  hours  in 
digesters  witli  a  caustic-soda  solution  at  a  j)ressure  of  about  100 
pounds  of  steam.  After  being  washed  the  pulj)  is  bleached  by  a  solu- 
tion of  chloride  of  lime,  tlie  process  consuming  from  six  to  eight  hours. 
AMien  the  bleaching  is  complete  the  mass  is  reduced  to  a  more  fluid 
state  by  the  addition  of  water  and  is  pumped  into  large  vats  with 
porous  bottoms  througli  which  the-  water  runs.  AMien  the  bleached 
pulp  is  thoroughly  drained  it  is  pum])ed  into  a  large  storage  vat, 
from  which  it  is  taken  to  a  cylinder  machine  and  is  felted  in  the  usual 
juanner. 

The  soda  solution  drained  from  the  wash  pans  is  treated  in  order  to 
recover  the  soda.  It  is  evaporated  and  the  concentrate  is  turned  into 
rotary  furnaces  where  tlie  lignin  and  other  organic  materials  are 
burned  oil".  The  residue  is  composed  almost  entirely  of  carbon  and 
sodium  carbomite  and  is  known  as  black  asli.  This  substance  is  then 
passed   through    a    bleaching    process,  the  licjuid    or  recovered  soda 

fi  For  u  full  (J:  «.(Tij)ii()ii  of  tlio  proci  ss  s  us  d  in  the  iriMiiiifuctinv  of  soda  wood  pulp  see  Water-Sup. 
hikJ  Irr.  I'npvr  So.  121,  V.S.  (loo\.  Survey,  UW^;^,  v^  iVii. 


STREAM    pollution:    WOOD-PULP    MANUFACTURE.  203 

(sodium  carbonate)  being  conducted  to  the  causticizing  plant,  while  the 
sludge,  known  as  black-ash  sludge,  remains  in  the  tanks  and  is  subse- 
quently washed  out  with  water  and  carried  away  as  waste. 

The  soda  recovered  in  the  form  of  carbonate  is  converted  to  a 
hydrate  or  caustic  soda  by  the  application  of  caustic  lime.  The 
result  is  a  sodium  hydrate  or  caustic  soda  in  the  solution,  while  the 
calcium  carbonate,  or  common  lime,  remains  in  the  bottom  of  the  con- 
tainer as  a  heavy  sludge.  The  solution  is  drawn  off  for  use  in  the 
digestion  process.  Considerable  soda  remains  in  the  lime  sludge 
after  causticization,  and  repeated  washings  are  necessary  to  recover 
all  the  soda.  When  the  washings  are  completed  the  lime  sludge  is 
discharged. 

The  solution  used  to  bleach  the  pulp  is  prepared  by  the  treatment 
of  chloride  of  lime  in  solution  tanks  fitted  with  rotary  agitators.  The 
bleach  is  drawn  off  from  the  tank  and  the  sludge  is  again  treated  in 
order  to  utilize  all  the  bleaching  solution,  and  the  lime  sludge  left 
after  the  second  treatment  is  discharged  as  waste. 

The  important  wastes  are  (1)  the  black-ash  sludge,  which  is  mainly 
carbon,  with  a  small  percentage  of  undissolved  carbonate  of  soda; 
(2)  the  lime  sludge  (CaCOg)  from  the  causticizing  process,  which  also 
contains  a  little  soda;  (3)  the  lime  sludge  (CaCOa)  from  the  bleaching 
process,  which  contains  a  very  appreciable  amount  of  chlorine.  To 
these  should  be  added  the  considerable  amount  of  wood  fiber  that 
escapes  from  the  mill,  and  the  bits  of  wood  from  the  chipper.  In 
some  factories  the  various  sludges  are  sedimented  with  good  results, 
large  quantities  of  suspended  matter  being  thus  kept  out  of  the 
streams. 

At  Luke,  Md.,  there  are  no  sedimentation  beds  and  North  Branch 
receives  the  entire  waste  of  the  West  Virginia  Pulp  and  Paper  Com- 
pany, which,  in  addition  to  the  effluents  above  enumerated,  contains 
alum,  kaolin,  a  little  ultramarine  blue,  and  size.  The  effect  of  this 
pollution  on  North  Branch  is  to  increase  the  chlorine  and  alkalinity  of 
the  water.  But  these  elements  serve  to  neutralize  the  acid  waters  of 
Georges  Creek,  with  good  results. 

MANUFACTURE    OF    ILLUMINATING    OA8. 

Coal  gas. — Coal  gas  is  made  by  the  destructive  (listillation  of  bitu- 
minous coal.  The  l)y-products  of  the  process  are  ainniouiacal  lic^uors, 
tar,  and  coke.  In  large  plants  the  first  of  these  is  sold  to  ammonia 
works;  the  second  to  works  for  recovering  coal-tar  j)r()du('ts,  and  the 
third  is  used  for  fuel  in  the  plant  or  sold  for  domestic  consumption. 
Small  works  are  coin])olle(l  to  waste  the  coal-tar  products  and  the 
ammoniacal  liquors  into  the  nearest  watercourse,  unless  they  are  suffi- 
ciently near  to  recovery  plants  to  make  it  profital)le  to  ship  them. 
IRR  192—07 14 


204  THE   POTOMAC   RIVER   BASIN. 

The  retorts  in  which  the  coal  is  distilled  are  of  fire  clay,  and  in  the 
various  works  are  differently  designed.  The  gas  is  led  from  the  mouti 
of  the  retorts  by  vertical  pipes  to  a  pipe  dipping  downward  into  a 
hydraulic  main  and  extending  beneath  the  surface  of  the  water  which 
partially  fills  the  main,  the  back  flow  of  gas  to  the  retorts  being  thus 
prevented.  The  hydraulic  main  is  a  long  covered  trough  to  which 
all  the  retorts  are  connected.  In  it  most  of  the  tar  and  oily  products 
condense  beneath  the  water  and  flow  to  the  tar  wells,  while  the  wat^r 
itself  dissolves  most  of  the  ammonium  salts  out  of  the  gas. 

The  hydraulic  main  leads  the  gas  to  the  condenser,  which  is  con- 
structed in  several  ways,  but  always  with  the  purj>ose  of  cooling  the 
gas  in  long  iron  pipes,  whose  lower  ends  dip  beneath  the  surface  of 
water  held  in  an  iron  tank.  The  lowering  of  temperature  effects  a 
condensation  of  those  constituents  of  the  coal  gas  which  at  ordinary 
temperatures  are  not  volatile,  and  forms  a  tar  of  them,  wliich  sinks 
to  the  bottom  of  the  tank  and  flows  to  the  tar  well.  At  the  end  of  the 
condenser  is  an  exhauster,  which  keeps  under  suction  the  gas  in  its 
passage  from  the  retorts  to  the  end  of  the  condenser  and  puts  the 
rest  of  the  plant  under  pressure. 

From  the  condenser  the  gas  is  passed  by  the  exhauster  into  the  tar 
extractor,  a  short  tower  filled  with  many  horizontal,  perforated 
plates,  in  passing  through  which  the  gas  is  relieved  by  friction  of  its 
last  traces  of  tar.  It  tlien  goes  to  the  scrubber,  where  it  conies  into 
contact  with  tliin  films  of  ammoniacal  liciuid  from  the  hydraulic  main 
or  condenser,  which  trickles  over  pebbles,  coke,  etc.  Tliis  liquid 
absorbs  from  the  gas  some  of  the  carbon  dioxide  and  hydrogen  sul- 
phide, whicli  combine  with  the  ammonia.  From  the  scrubber  the ga.s 
goes  to  the  washer,  where  clean  running  water  removes  the  ammonia. 

The  gas  next  Hows  to  the  j)urifiers,  where  itssulphur  compounds  are 
taken  out.  The  purifiers  are  covered  iron  boxes  which  hold  on  a 
grating  either  slacked  lijne  or  hydrated  ferric  oxide  The  gas  enters 
from  below  and  passes  through  the  lime  or  iron,  yielding  up  its  sulphur 
as  it  does  so.  Usually  the  gas  passes  through  four  purifiers  in  succes- 
sion. The  lime  in  addition  to  removing  the  sulphur  compounds  com- 
bines with  the  carbon  dioxide*  which  the  gas  carries  and  which  isan 
undesirable  constituent.  The  iron  extracts  only  the  sulphur.  In 
time  both  iron  and  linu'  become  exhausted,  being  converted  by  the 
sulphur  into  very  ill  smelling  sulphides.  The  iron  can  be  renewed 
two  or  three  times  l)y  ex[)osing  it  to  the  air,  which  oxidizes  it.  In  the 
end,  both  substances  have  to  l)e  disposed  of,  which  is  done  by  dump- 
ing them  into  the  nearest  stream,  or  sometimes  by  selling  them. 
From  the  purifiers  the  gas  goes  through  the  meter  house  into  the 
holders,  from  which  it  is  delivered  to  the  mains.  The  wastes  in  the 
manufacture  of  coal  <]:as  in  works  of  consideral)le  size  favorablv  situ- 
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1  for  sliipment  are  all  recovered,  because  the  by-products  obtained 
a  them  are  valuable.  Many  small  plants  scattered  about  tho 
ntry.find  it  impossible  to  ship  these  products  at  a  profit  and  there- 
'.  they  turn  them  into  the  nearest  watercourse,  where  they  produce 
iglily  objectionable  state  of  affairs.  The  light  tars  float  as  an  oily 
escent  film  on  the  surface  of  the  water,  giving  it  a  disgusting  appear- 
e.  The  heavy  tars  sink  to  the  bottom  and  foul  the  bed  of  the 
iam.  The  effect  of  the  ammoniacal  wastes  is  not  visible,  but 
inonium  salts  are  good  food  material  for  bacteria  and  microscopic 
anisms,  and  therefore  the  tendency  of  such  wastes  would  be  to 
er  their  development.  Moreover,  gas  wastes  are  beUeved  to  be 
y  fatal  to  fish,  and  even  when  present  in  quantities  insufficient  to 

the  hardy  varieties,  they  impart  a  flavor  of  gas  to  the  flesh  which 

ipels  their  abandonment  as  food. 

Water  gas, — Water  gas  is  produced  by  the  action  of  steam  on  incan- 

cent  carbon  and  is  composed  mainly  of  hydrogen  and  carbon 

moxide.     It  has  a  liigh  heat  value,  but  is  a  poor  illuminant,  and 

refore  it  has  to  be  enriched  with  various  hydrocarbons,  such  as 

ane,  etheljme,  acetylene,  and   benzene,  which  impart  tq  it  the 

essary  light-giving  quality.     As  these  substances  are  yielded  by 

roleum,  it  is  used  to  carburet  the  gas. 

The  manufacture  of  water  gas  is  carried  on  in  three  chambers. 

3 first  is  called  'Hhe  generator,''  the  second  "the  carburetor,"  and 

third  *Hhe  superheater.''  The  chambers  are  circular,  the  super- 
ter  being  the  tallest.  Both  it  and  the  carburetor  are  lined  with 
brick  and  are  filled  with  a  checker  work  of  the  same  material, 
-xithracite  is  put  into  the  generator  and  brought  to  incandescence 
Ei  blast  of  air  which  is  introduced  at  the  bottom.  Thus  is  liber- 
l  a  gas  known  as  ^'producer  gas,"  which  consists  mostly  of  nitro- 
carbon  dioxide,  and  a  little  carbon  monoxide.     This  producer 

escapes  into  the  top  of  the  carburetor,  and  m  circulating  down 
^ugh  it  is  partly  burned  by  a  blast  of  air  introduced  near  the  top 
he  chamber.     This  combustion  makes  the  brickwork  liot.    From 

bottom  of  the  carburetor  the  gas  is  conducted  to  the  bottom  of 

superheater,  where  another  blast  accomplishes  the  complete  com- 
lion  and  raises  the  checkerwork  to  red  heat,  the  gases  finally 
iping  through  a  hood  at  tlie  top  of  the  chambers.     Wlien  both 

carburetor  and  suj)orheater  have  reached  the  desired  tempera- 
3  the  air  blasts  are  shut  off  and  superheated  steam  is  blown  in  at 

bottom  of  the  generator.  TliLs  forms  carbon  monoxide,  or  water 
,  which  passes  into  tlie  carburetor,  where  it  meets  a  stream  of  oil 
reduced  at  the  top.  The  oil  is  decomposed  into  illuminants  which 
c  with  the  water  gas  and  pass  into  the  superheater,  where  they 

completely  fixed  as  incombustible  gases. 
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From  the  superheater  the  gas  is  led  to  a  holder,  from  which  it 
passes  through  a  purifying  apparatus  involving  principles  identical 
to  those  that  obtain  in  the  manufacture  of  coal  gas. 

Water  gas  is  very  poisonous  owing  to  the  large  percentage  of  car- 
bon monoxide  that  it  carries,  and  much  of  the  harm  that  is  com- 
monly attributed  to  so-called  sewer  gas  comes  from  defective  gas 
piping  and  inefficient  burners  in  conjunction  with  the  water-gas 
service. 

The  tar  from  the  manufacture  of  water  gas  is  of  less  value  than 
that  from  coal-gas  production.  It  can  be  recovered  and  used  as  fuel 
in  the  plant,  thus  obviating  the  objectionable  effects,  similar  to  those 
of  coal-gas  tar,  which  result  when  the  waste  is  turned  directly  into  a 
stream. 

MANUFACTURE   OF  AMMONIA. 

The  chief  source  of  ammonia  is  the  gas  liquor  from  the  hydraulic 
mains  and  scrubbers  of  coal-gas  works.  By  destructive  distillation 
the  nitrogen  contained  in  coal  is  largely  converted  into  ammonium 
salts,  the  principal  of  which  are  the  carbonate,  sulphide,  and  sulpho- 
hydrat6,  which  are  volatile  in  steam,  and  the  sulphate,  thiosulphat«, 
sulphite,  sulphocyanide,  and  ferrocyanide,  which  are  not.  All  of 
these  compounds,  together  with  free  anmionia,  are  found  in  gas 
liquor. 

The  gas  liquor  received  at  the  ammonia  works  is  allowed  to  stand 
in  order  that  the  tar  may  settle  out,  and  then  clear  liquor  is  distilled 
to  separate  the  ammonia.  There  are  several  forms  of  apparatus 
for  this  purpose.  In  the  simplest  of  them  the  liquor  is  heated  in  one 
still  until  all  the  volatile  salts  are  expelled,  after  which  it  is  drawn 
into  another,  where  milk  of  lime  is  added.  Then  heat  is  again  applied 
until  the  fixed  salts  are  decomposed  and  the  ammonia  is  driven  off. 
The  ammonia  and  volatile  salts  are  condensed  in  a  chamber  contam- 
ing  sulpliuric  or  Jiydrochloric  acid.  Some  hydrogen  sulphide  and 
other  foul-smelling  gases  j)ass  out  of  the  absorption  vessel  and  are 
led  into  the  chimney  or  otherwise  disposed  of. 

The  only  liciuid  waste  from  ammonia  works  Ls  the  lime  sludge  from 
the  exiiausted  milk  of  lime.  It  should  be  sedimented  and  the  solid 
portion  sold  as  fertilizer,  for  which  it  is  well  suited  on  account  of 
the  tracers  of  anmionia  salts  that  it  contains.  The  supernatant  liquid 
on  the  sedimentation  ])eds  contaiiLs  lime  salts  in  solution  and  is 
usually  disi)()sed  of  by  runnin<]^  it  into  a  convenient  stream. 

WOOL  SCOUKINO. 

Before  raw  wool  can  be  manufactured  it  must  be  freed  from  the 
impurities  which  constitute  30  to  SO  per  cent,  of  its  total  weight. 
They  consist  of  the  '^  yolk"  and  svuut,  which  exude  from  the  body  of 
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3  animal  with  the  perspiration,  and  the  dirt  and  dung  mechan- 
.lly  mixed  with  them.  The  yolk  is  made  up  of  fatty  or  waxlike 
dies  which  are  not  easily  saponified  with  alkaU,  but  which  can  be 
Lulsified  with  soap  solutions  and  thus  easily  removed  from  the 
er.  The  suint  consists  mainly  of  potassium  salts  of  acetic  and 
,tj  acids,  together  with  sulphates,  chlorides,  phosphates,  and 
•rogenous   bodies.     All   these  substances   are  generally  removed 

washing  the  raw  wool  in  especially  designed  machines.  It  was 
•merly  a  common  practice  to  wash  wool  in  stale  urine,  which  was 
ective  because  of  the  ammonium  darbonate  it  contained.  This 
s  been  largely  replaced  by  ammonia,  soaps,  etc.  The  wool  is  first 
imersed  in  a  soap  solution  which  contains  more  or  less  impurities 
)m  its  previous  use.  From  this  machine  it  passes  into  a  second 
ntaining  cleaner  water  and  finally  into  a  third  which  contains  clear 
iter  or  fresh  soap  liquor. 

The  wool-  is  then  taken  out  and  dried,  while  the  foul-smelling, 
rty-brown  liquor  from  the  first  machine  is  sometimes  drawn  off, 
^aporated,  and  calcined  to  recover  the  potassium  salts,  which 
nount  to  1  to  8  per  cent  of  weight.     In  some  countries  the  liquor 

which  the  wool  is  washed  is  treated  to  recover  the  wool  grease. 

0  do  this  the  liquor  from  the  third  tank  is  settled  to  remove  the 
)arse  dirt,  and  then  sulphuric  acid  is  added  to  decompose  the  salts 
id  set  free  the  fatty  acids,  which  rise  to  the  surface  and  carry  the 

001  grease  with  them.  The  water  is  drawn  off  from  the  magma, 
hich  is  placed  in  canvas  bags.  The  grease  is  kept  in  liquid  condi- 
on  until  all  sediment  is  deposited,  when  it  is  turned  into  casks,  in 
hich  it  solidifies  on  cooling.  It  is  used  as  a  lubricant  and  in  leather 
ressing. 

Li  this  country  the  potassium  salts  are  rarely  recovered,  it  being 
iistomary  to  run  the  entire  waste  to  the  stream.  Some  of  the 
u^est  mills  now  remove  the  fats  by  a  gasoline  process  and  after- 
ards  wash  the  wool  to  free  it  from  dirt.  The  fats  thus  saved 
re  valuable  by-products.  The  amount  of  water  used  in  scouring 
ool  is  usually  100  gallons  to  the  pound,  though  in  some  works  it 
ises  to  200  gallons.  In  a  modem  process  of  washing  now  coming 
ito  use  the  amount  of  water  is  reduced  to  50  gallons.  The  liquid 
esulting  from  scouring  wool  is  large  in  volume  and  rich  in  organic 
aatter  and  in  mineral  matter  in  suspension  and  solution,  and  is  not 
eadily  acted  on  by  the  agents  of  decomposition,  putrefaction,  and 
itrification,  so  it  is  a  most  undesirable  addition  to  the  waters  of  a 
tream.  It  is  well  to  distinguish  between  the  scouring  liquor  proper, 
•'hich  is  small  in  volume  and  contains  most  of  the  impurities,  and  the 
inse  water,  which  is  of  great  volume  and  is  relatively  clean.  The 
lassachusetts  State  board  of  health  has  found  that  wool  scourings 
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can  be  purified  by  sand  filtration,  after  being  mixed  with  GOIlside^ 
able  quantities  of  city  sewage.  So  far  as  Potomac  River  is  concerned, 
however,  this  is  not  important,  for  city  sewage  in  many  places  is  not 
to  be  had. 

WASHING   WOOLEN   CLOTH. 

In  the  process  of  washing  woolen  cloth  laige  quantities  of  water  rAr 
are  used,  and  tlie  water  is  grossly  polluted  thereby,  for  it  beconw  Xin 
charged  with  organic  matter.  When  the  rinse  from  the  finished  vkc. 
goods  is  discharged  into  streams,  it  adds  considerably  to  the  putres- 
cible  material  they  contain  and  is  therefore  exceedingly  undesirabb. 

Waste  from  shoddy  mills  consists  of  dirt  and  organic  matttf 
washed  from  the  rags  and  stock.  I^rge  quantities  of  acid  are  oftai 
used  and  the  wastes  arc  decidedly  deleterious  in  their  effect. 

DYEING. 

General  discussion, — The  art  of  dyeing  consists  of  imparting  to  vaii- 1 
ous  substances,  mostly  fabrics,  a  color  of  considerable  permanence. 
Dyes  are  distinguished  from  pigments  by  their  solubility  in  water, in4 ' 
a  pure  supply  of  that  element  is  a  necessity  to  the  trade.  The  sohitoti  1 
of  the  colors  requires  care,  those  derived  from  coal  tar  being  partiett-] 
larly  prone  to  spot  and  streak  the  goods,  if  this  part  of  the  process  i^  \ 
carelessly  performed.  The  dyeing  is  done  in  iron,  wooden,  orston^^ 
vessels,  whose  sliape  and  capacity  are  adapted  to  the  amount  am-^ ' 
quantity  of  goods  liandled.  Some  dyes  require  a  high  temi>eratur^' 
while  others  are  injured  by  much  lieat.  In  any  case,  direct  hcatir^  ' 
is  always  avoided,  it  having  been  found  best  to  heat  the  vats  by  stea^"^ 
coils. 

The  phenomena  of  dyeing  are  explained  by  the  mechanical  and  tl"^^ 
chemical  theories.  The  former  assumes  a  mechanical  absorption  c-^ 
the  coloring  matter  into  the  pores  of  the  fiber,  while  the  latter  regarc^-^ 
the  pro(;ess  as  a  clioniical  combination  between  the  dye  and  somec^^^^^ 
ail  of  the  constituents  of  the  fiber.  ITie  chemical  theoiy  seems  il^-  ^ 
better  adapted  to  animal  fihei-s,  but  the  mechanical  theorj^  is  perhap:^^ 
more  applicable  to  vegetable  fibei-s. 

Thorp  groups  dyes  into  five  classes,  according  to  the  method  of  the'^^ 
application-  (1)  direct  dyes,  which  yield  full  coloi-s  with  the  use  of  * 
mordant:  (2)  basic  dyes,  which  form  insoluble  tannates  and  roqiii^^^ 
a  mordant  on  vegetable  fibei*s,  but  which  dye  animal  fibers  without  \ 
mordant;  (3)  acid  dyes,  which  do  not  reciuire  a  mordant  on  anin^^^-''^ 
fibei-s,  but  which  have  only  a  limited  use  on  vegetable  fibers;  (4)  m*^ — ^^' 
dant  dyes,  which  requii-e  a  mordant  on  both  animal  and  vegeta"^*'^ 
fibers:  and  (5)  special  dyes,  wliich  can  be  a])phed  to  the  fiber  only  'l^ 
special  processes. 
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The  trade  distinguishes  between  substantive  and  adjective  dyeing, 
n  substantive  dyeing  the  colors  are  applied  to  all  fibers  without  a 
aorclant,  but  **  assistants/'  such  as  Glauber's  salt,  sodium  phosphate, 
K)rax,  soda,  and  soap  arc  used  with  them  to  insure  an  even  disposition 
'f  the  color,  thus  avoiding  streaky  results.  The  assistants  do  not 
ombine  with  the  color.  As  direct  dyes  are  very  soluble,  the  goods 
Je  likely  to  bleed  when  washed,  but  silks  take  them  very  well,  giving 
brilliant  shades  and  fast  colors.  A  little  acetic  acid  makes  them  fast" 
ailling.  Adjective  dyeing  requires  the  use  of  a  mordant.  Mordant- 
ng  is  of  prime  importance,  and  has  for  its  object  the  precipitation  on 
he  fiber  of  some  substance  which  has  an  affinity  for  and  which  will 
ffect  a  more  or  less  complete  fixing  of  the  coloring  matter  used  for 
lyeing.  Tlie  nature  of  the  mordant  depends  on  the  cliaracter  of  the 
iber,  the  kind  of  dye,  and  the  effect  sought.  Wool  is  usually  mor- 
lanted  by  boiling  it  in  a  solution  of  a  metallic  salt  in  the  presence  of 
onie  acid ;  biclu-omate  of  potassium  and  sulphuric  acid  are  often  used. 
»ilk  can  be  mordanted  in  this  way,  but  it  is  usually  done  at  lower  tem- 
^ratures.  Cotton  has  little  affinity  for  coloring  matters  and  has  to 
^  specially  prepared.  It  has  an  affinity  for  tannic  acid  and  so  is 
^inmonly  steeped  in  a  solution  of  sumac  or  catechu,  after  which  it  is 
^hed  and  worked  in  a  bath  of  some  soluble  metallic  salt.  An  insoi- 
i^  compound  results  which  then  has  the  property  of  uniting  with  the 
^-  It  is  not  always  necessary  to  treat  cotton  with  tannin,  for  an 
^^ersion  in  the  mordant  followed  by  oxidation  or  ageing  is  some- 
>^^s  sufficient.  The  operations  of  dyeing  are  multifarious,  and  it 
M.ld  be  out  of  place  to  detail  them  here.  Only  the  enumeration  of 
^e  of  the  chief  mordants  will  be  attempted,  with  the  description 

Ci  few  common  processes,  in  order  to  give  an  idea  of  some  of  the 
^stances  that  may  be  met  in  dye-house  eflluents.  The  mordants 
^    both  mineral  and  organic.     They  are  as  follows: 

*X^al  mordants: 
Aluminum  acetate. 
Aluminum  sulpho-acetatc. 
Fern)U8  sulphate. 
Ferrous  acetate. 
Nitrates  of  iron. 
Nitro-sulphatea  of  iron. 
Potassium  bichromate. 
Copper  sulphate. 

-As  assistants  the  common  mineral  acids  are  used,  also  acetic,  oxaUo, 
I'taric,  and  citric  acids. 

^■otton  dyeing. — Indigo  recjuiros  no  moi^dant  and  is  always  applied 
'Id.     A  common  method  is  to  make  a  mixture  in  definite  proportions 

H'ater,  Hme,  copp(»ras,  and  indigo,  and  apj)ly  it  in  a  series  of  vats. 
He  powder  often  replaces  tlie  copperas. 


Mineral  mordants — (Continued. 

Copper  nitrate. 

Tartar  emetic. 

Stannous  chloride. 

Stannous  nitrate. 
Vegetable  mordants: 

Tannic  acid. 

Sumac. 

Catechu. 
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Methylene  blue  is  used  to  produce  indigo  shades.  The  cotton  is 
mordanted  with  sumac  at  160^  F.,  given  several  turns,  and  allowed 
to  steep  for  ten  hours,  after  wliich  it  is  wrung  out  and  worked  for 
twenty  minutes  in  a  2§  per  cent  solution  of  tartar  emetic.  Then  it  is 
washed  and  dyed  in  a  bath  prepared  with  3  per  cent  acetic  acid  at 
75°  F.,  the  temperature  being  gradually  raised  to  160®  F. 

Aniline  black  is  a  dye  of  unknown  constitution,  and  the  color  is 
■produced  directly  on  cotton  by  means  of  aniline  oil  in  the  presence  of 
oxidizing  agents.  Two  methods  of  procedure  are  used — the  warm 
and  the  cold.  In  the  warm  method  75  parts  of  water,  32  of  hydro- 
chloric acid,  16  of  potassium  bichromate,  and  8  of  aniline  oil  are  taken. 
The  acid  and  aniline  are  each  diluted  with  water  and  carefully  mixed. 
The  solution  thus  obtained  is  then  added  to  the  main  volume  of  the 
water.  The  potassium  bichromate  is  previously  dissolved  and  added 
after  the  aniline.  The  cotton  is  immersed  and  worked  for  three-fourths 
of  an  hour  in  the  cold,  after  whicii  the  temperature  is  gradually  run  up 
to  140°  or  150°  F.  In  the  cold  method  18  parts  of  hydrochloric  acid, 
8  to  10  of  aniline  oil,  20  of  sulphuric  acid  at  66°  B.,  14  to  20  of  potas- 
sium bichromate,  and  10  of  copperas  are  compounded  as  in  the  warm 
process,  except  that  much  less  water  is  used.  The  goods  are  worked 
in  one-half  of  the  material  for  an  hour  or  so,  after  which  the  rest  is 
added  and  the  operation  continued  for  about  one  and  one-half  hours 
longer,  when  the  goods  are  washed  and  boiled  in  a  soap  solution,  hi 
botli  processes  the  cotton  is  subjected  to  further  oxidation  with  potas- 
sium biclu-omate,  copperas,  and  sulphuric  acid,  which  tends  to  prevent 
greening.  Chlorate  of  soda  is  frequently  used  as  an  oxidizing  agent 
in  the  dye  bath,  in  which  case  the  replacing  of  the  potassium  bichro- 
mate witli  vanadium  chloride  or  vanadate  of  ammonium  has  been 
recoininendcd. 

lAnen  dyeing -IlIm^  uses  to  which  linen  is  commonly  put  make  it 
necessary  that  the  colors  it  is  dyed  be  fast.  Accordingly,  alizarin  and 
indigo  arc  generally  used. 

Wool  dyeing. — Indigo  is  easily  applied  and  extensively  used  to  pro- 
duce light  and  dark  shades  on  wool  by  simply  boiling  the  goods  in  a 
bath  of  the  dye,  sulphuric  acid,  and  sodium  sulphate.  Loose  wool  is 
dyed  in  the  so-called  fermentation  vat  by  keeping  the  wool  below  the 
surface  of  the  liquid  and  working  it  with  long  rakes.  After  a  suffi- 
cient time  it  is  taken  out  and  put  in  cord  bags  or  upon  rope  screens 
and  drained  and  oxidized,  being  then  dipped  into  a  dilute  acid  to 
remove  the  soluble  impurities.     Finally  it  is  washed  and  dried. 

Logwood  is  the  real  base  of  the  blacks  on  wool,  and  is  used  with 
potassium  l)i(!hromate  as  a  mordant.  As  a  rule  the  coal-tar  colors  are 
applied  to  wool  without  special  treatment  at  boiling  temperatures  in 
a  batli  of  10  per  cent  sodium  sulphate  and  2  to  4  per  cent  of  sulphuric 
nci(]. 
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Silk  dyeing. — Silk  has  a  great  affinity  to  coal-tar  colors,  and  can  be 
yed  without  a  mordant,  though  soap  is  commonly  used  to  prevent 
potting  and  streaking.  Heavily  weighted  goods  are  obtained  by  dip- 
ing  them  in  an  iron  solution  and  then  in  liquids  containing  tannin, 

process  that  is  often  repeated  several  times. 

Besides  the  dyes  mentioned  in  the  above  processes  the  following  are 
[1  common  use:  Fuchsine,  safranine,  methyl- violet,  and  methyl- 
jeen. 

Risumi. — ^The  amoimt  of  organic  matter  contained  in  dye  wastes  is 
ts  a  rule  small,  so  that  apparently  they  hurt  the  streams  chiefly  by 
liscoloring  the  water.  In  places  this  may  be  a  serious  nuisance, 
vhile  elsewhere  it  m'ay  be  a  trifling  matter.  The  extent  of  the  injury 
s  determined  by  the  use  to  which  the  water  that  receives  these  dyes  is 
put.  In  some  processes  of  dyeing  much  organic  matter  is  washed 
from  the  cloth,  and  then  the  pollution  assumes  a  new  character  and 
becomes  important. 

MANUFACTURE   OF  WHISKY. 

The  first  step  in  whisky  manufacture  is  the  making  of  the  mash, 
which  is  done  by  mixing  in  the  mash  tub  raw  and  malted  grains,  the 
former  largely  predominating,  with  water  at  150®  F.,  and  agitating 
the  mixture.  The  first  malting  requires  about  fourteen  hours. 
Successive  additions  of  water  at  190^-200°  maintains  the  tempera- 
ture, the  object  being  to  convert  all  of  the  starch  into  maltose,  which 
is  directly  fermentable  by  the  action  of  the  yeast,  and  to  accomplish 
this  the  mashing  must  be  done  at  a  temperature  of  about  146®,  for 
above  it  maltose  production  begins  to  decrease.  By  keeping  within 
this  limit  of  temperature  the  diastase  from  the  small  admixture  of 
malt  will  not  only  greatly  change  the  starch,  but  will  bring  about  a 
hydration  of  the  residual  dextrine,  converting  it  into  maltose.  When 
the  wort  has  attained  its  maximum  density,  as  found  by  the  saccha- 
rimeter,  it  is  drained  off  and  a  quantity  of  water  at  190°  F.  is  nm 
upon  the  residue  in  the  mash  tub  and  allowed  to  infuse  with  it  for  one 
or  two  hours.  The  second  wort  is  then  added  to  the  first.  A  third 
weak  wort  is  often  obtained  and  used  to  infuse  new  lots  of  grain.  It 
is  stated  that  in  this  direct  mashing  10  per  cent  of  the  starch  escapes 
decomposition,  even  though  the  grain  may  be  finely  ground.  Hence 
a  little  preliminary  wanning  with  the  water,  to  which  has  been  added 
a  little  ground  malt,  followed  by  heating  with  water  under  a  pressure 
of  several  atmospheres,  often  precedes  the  addition  of  the  main  quan- 
tity of  malt,  which  is  to  complete  the  conversion  of  th(»  starch  and 
dextrine  into  maltose.  Reduction  of  the  loss  by  5  to  10  per  cent  is 
•^ported  by  this  method. 

The  second  step  in  the  manufacture  of  whisky  is  the  fermentation  of 
'he  wort.  This  is  done  by  adding  to  the  wort,  whicli  is  always  cooled 
^foreb^iiming  the  process,  yeast  (usually  fresh  l)revver's  or  compressed 
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yeast)  that  has  previously  been  softened  in  water.  For  100  Utersof' 
grain,  8  to  10  Uters  of  liquid  yeast  or  IJ  kilograms  of  compressed 
yeast  are  used,  and  the  best  results  are  obtained  when  the  tempera- 
ture through  fermentation  rises  to  94*^  F.  Tlu-ee  stages  of  fermen- 
tation are  recognized — a  preliminary  fermentation,  during  which  the 
yeast  cells  grow  without  producing  much  alcohol;  a  main  fermenta- 
tion, during  which  the  maltose  is  fermented;  and  an  after  fermenta- 
tion, during  which  the  dextrine  is  largely  changed  into  maltose^ 
which  in  turn  is  changed  into  alcohol.  The  time  of  femientatiofn 
varies  from  three  to  nine  days,  and  the  process  is  carried  on  until  the 
density  of  the  liquor  as  determined  by  the  saccharimeter  erases  to 
lessen. 

The  third  step  ui  the  manufacture  is  the  distillation  of  the  fermented 
wort,  wliich  is  done  in  stills  vai^'ing  from  great  simplicity  to  extreme 
complexity  in  construction. 

The  refining  of  spirits  consists  of  the  redistillation  of  the  *Mow 
wines,'*  as  the  product  of  the  first  distillation  is  known.  The  low 
wines  have  a  specific  gravity  of  0.975,  and  the  first  product  of  llie 
redistillation  is  a  milky-white  spirit  abounding  in  oil.  This  is  fol- 
lowed by  a  clear  spirit  that  is  caught  separately,  and  the  remaining 
weak  spirit,  knowTi  as  "faints,''  is  mixed  with  the  low  wines  for 
another  distillation. 

After  distillation  the  whisky  is  put  in  barrels,  the  inside  of  wliicli  has 
been  charred.  This  is  done  to  give  the  well-known  amber  color  to  the 
whisky  and  more  particularly  to  assist  in  its  aging,  for  the  charred 
w^ood  brings  about  a  very  coniplc^te  oxidaticm  of  certain  constituents 
of  raw  wliisky,  thereby  imparting  a  delicate  bouciuet  to  it,  and  also 
n^lieves  it  of  the  injurious  constituents.  The  barreled  liquor  is 
stored  under  l)ond  for  various  periods  and  then  is  marketed. 

The  waste  in  the  nianufactiire  of  whisky  is  the  exhausted  iiuish  and 
residue  from  the  stills.  In  many  cases  it  is  disposed  of  b\'  feeding  it  to 
hogs  and  cattle.  These  animals  are  often  herded  under  the  most  dis- 
gusting conditions,  and  the  nuisanci*  they  create  is  almost,  greater 
than  that  which  would  result  from  turning  this  highly  piitrescihle 
waste  into  a  small  watercourse.  Sometimes  the  animals  raised  on  the 
waste  an*  disposed  of  to  packers  at  favorable  prices,  and  as  often  they 
are  sold  at  a  loss,  so  that  from  both  a  sanitary  and  a  financial  stand- 
point this  method  of  disposal  may  b(^  considered  a  failure. 

The  exhausted  mash  is  a  valuable  food  material  when  properly 
dried,  and  many  works  are  recovering  it  and  placing  it  on  the  market 
as  a  cattle  focxl.  The  large  volume  of  li(juor  t real ed  makes  the  proce>s 
an  expensive  one,  aii<l  the  profits  are  not  always  sure.  A  profitable 
metliod  of  disposing  of  tliis  waste  has  l)een  devised,  and  the  reader  is 
referred  to  Water-Supply  and  Irrigation  Paper  No.  179  for  infornia- 
tioii  concerning  it. 
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POLLUTION    IN   NORTH  BRANCH   OF  POTOMAC  RIVER  BASIN. 

GENERAL  DE80KIPTI0K. 

North  Branch  of  Potomac  River  rises  at  the  Fairfax  Stone,  the 
extreme  southwestern  point  of  Maryland^  at  the  eastern  edge  of  the 
high  plateau  which  divides  the  waters  of  Potomac  and  Blackwater 
rivers.  The  stream  is  the  boundary  line  between  Maryland  on  the 
north  and  West  Virginia  on  the  south.  From  its  source  to  the  towns 
of  Piedmont,  W.  Va.,  and  Westemport,  Md.,  the  river  flows  in  a  gen- 
eral northeasterly  direction  in  the  narrow  valley  it  has  carved  for 
itself  between  Backbone  Mountain,  Maryland,  and  New  Creek  Moun- 
tain, West  Virginia.  The  course  of  the  river  is  tortuous  and  its  cur- 
rent is  swift.  It  has  high  steep  banks,  and  the  bed  is  filled  with 
stones  and  bowlders.  The  channel  lies  nearer  Backbone  than  New 
Creek  Moimtain,  with  the  result  that  the  northern  or  Maryland 
streams,  with  the  single  exception  of  Savage  River,  which  has  cut  its 
way  across  the  northern  valley  wall,  are  shorter  than  those  on  the 
West  Vii^nia  side.  Both  the  northern  and  southern  tributaries  are 
torrential  in  character,  being  typical  bright,  tumbling  mountain 
brooks.  The  West  Virginia  feeders  are  most  important,  the  largest 
of  them  taking  on  the  dignity  of  rivers,  while  most  of  the  others  are 
locally  known  as  creeks,  in  contradistinction  to  the  little  runs  that 
enter  from  Mar>- land.  Both  sets  of  streams  have  precipitous,  quick- 
spilling  w^atersheds;  consequently  in  winter  and  spring  the  river  and 
its  tributaries  are  high  and  even  impassible;  in  summer  the  feeders 
shrink  and  become  relatively  less  important,  and  the  main  stream 
dw'indles  away  to  a  thread  which  winds  its  hurried  way  through  the 
stony  bed.  This  region  is  sparsely  settled,  but  mining  and  lumbering, 
the  chief  industries,  have  concentrated  the  population  in  about 
twenty  hamlets,  situated  on  the  railroad,  which  closely  follows  the 
river  as  it  winds  in  and  out  among  the  mountains. 

NORTH  BRANCH  OF  POTOHAC  RIVER  FROM  WIL80NIA  TO  OE0ROE8  CREEK. 

Wilsonia,  W.  Va.,  was  formerly  the  westernmost  of  these  settle- 
ments and  had  a  sawmill  which  supported  a  small  populatiim;  now 
it  is  abandoned,  and  Henrys  W.  Va.,  the  staticm  next  below  it,  is  the 
first  important  place  in  the  valley.  A  coal  mine  here  discharges  a 
c<msiderable  amount  of  mine  water  into  a  little  stn^ain  to  the  west  of 
Elk  Run.  This  is  the  first  important  pollution  which  North  Branch 
receives,  and  the  amount  is  large  as  conipare<l  to  the  total  volume*  of 
the  river  at  this  point.  The  houses  set  well  back  from  the  river  and 
such  pollution  as  is  received  from  them  is  indirect. 

At  Dobbin,  W.  Va.,  2  miles  below  llenrv^,  a  dam  is  built  across  the 
river  to  furnish  power  for  a  sawmill,  which  is  the  life  of  thc^  settle- 
ment.    As  the  company  uses  the  sawdust  for  fuel,  it  is  disposed  of 
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without  injury  to  the  river.  The  houses  of  the  operatives  are  on  both 
sides  of  the  river  and  most  of  them  are  at  some  distance  from  it,  con- 
sequently only  a  few  of  the  privies  pollute  the  river  directly.  A  primi- 
tive water  supply  is  provided,  the  source  being  several  springs  in  the 
neighborhood.  The  water  is  piped  through  the  main  streets  on  the 
southern  side  of  the  river  only. 

At  Bayard,  W.  Va.,  4  miles  below  Dobbin,  is  a  tannery  of  the 
American  Hide  and  Leather  Company,  employing  50  hands.  The 
waste,  which  consists  of  leakage  from  the  bark-liquor  vats  and  wat^r 
from  the  l)oiled  fleshings,  together  ^^dth  a  little  lime  water,  enters 
North  Branch  a  short  distance  below  Buffalo  Creek.  At  the  time  of 
the  last  inspection  lime  sludge  was  piled  dangerously  near  the  edge  of 
the  river  bank.  At  no  time  during  these  inspections  have  any  large 
amounts  of  waste  liquors  been  observed  discharging  from  the  tannery 
into  the  river,  but  the  fact  that  the  bed  of  the  stream  is  stained  a  deep 
brown  color  would  indicate  either  that  such  has  been  the  case  in 
former  times  or  that  it  occurs  now  at  infrequent  intervals.  It  is  said 
that  recently,  when  the  tops  of  the  bark-liquor  vats  were  shortened 
18  inches,  a  c(msiderable  pollution  took  place.  There  is  no  public 
water  supply  in  Bayard,  and  the  tannery  takes  its  water  from  Buffalo 
Creek,  which  flows  through  the  town  and  is  somewhat  polluted  with 
mine  water.  The  water  from  this  stream  is  said  to  be  less  damaging 
to  boilers  than  that  of  North  Branch  at  this  point.  The  pollution 
from  privies  in  Bayard  is  mostly  indirect,  but  there  are  a  few^  danger- 
ously near  Buffalo  Creek. 

At  Gormania,  W.  Va.,  2  miles  below  Bayard,  the  A.  G.  Hoffman  & 
wSons  Company  maintains  a  tannerv^,  with  75  employees.  The  only 
wast(\s  that  enter  the  river  directly  are  the  weak  lime  liquor  and  thai 
from  the  scourinjj:  machines.  The  company  has  built  a  settling  pool 
at  the  edge  of  the  stream  near  the  factory  and  intoitdraift  the  hea\T 
lime  liquor,  sewage  from  the  employee's'  houses,  and  the  small  quan- 
tity of  bark  licjuor  that  is  wasted.  The  liquors  from  the  pool  seep 
slowly  through  the  earth  into  North  Branch,  and  as  occasion  requins 
the  sludge  at  the  l)i)tl()in  is  removed  to  farms  to  be  used  as  a  fertilizer. 
This  arrangement  is  a  great  improvement  on  the  common  practice  of 
turning  all  tannery  wastes  directly  into  the  river.  The  appearance 
of  the  river  above  the  tannery  is  clear  and  it  has  some  color,  but  more 
is  accjuired  as  it  flows  by  the  lIofFnuxn  tanneiy.  As  the  current  is 
somewhat  slackened  by  a  bend  in  the  stream  below  the  tannerv  the 
river  has  a  tendency  to  deposit  such  material  as  it  has  in  suspension.' 
The  wat(T  supply  of  the  town  consists  of  private  cisterns,  wells,  and 
springs.  wSojne  of  the  ])rivies  in  the  town  are  too  near  the  river  and 
all  of  them  furnish  indirect  pollutiim.  On  the  whole,  however,  Gor- 
mania is  an  unusually  clean  tow  n  for  this  secti(m  of  the  country. 

Stoyrr,  Afd.,  is  the  next  \va\\\  dv>^^\\^VYv^\5.\\\.     It  has  no  public  water 
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supply  and  the  use  of  privies  is  universal.  A  coal  mine  on  the  heights 
above  the  town  discharges  its  mine  water  into  a  run  which  enters 
North  Branch  at  this  point. 

Wallman,  Md.,  owes  its  existence  to  a  sawmill  which  is  polluting 
the  river  with  sawdust.  To  escape  the  Maryland  authorities  it 
dumps  the  sawdust  within  10  feet  of  the  West  Virginia  shore,  and  by 
this  subterfuge  works  continuous  injury  to  the  stream  without  moles- 
tation. 

Opposite  Hubbard,  W.  Va.,  is  a  coal  mine,  and  a  short  distance 
above  a  sawmill,  with  a  huge  pile  of  sawdust  not  far  from  the  river. 

At  Harrison,  W.  Va.,  Abram  Creek  empties  its  waters,  polluted  by 
mine  waste,  into  North  Branch.  On  the  Maryland  side  of  the  river, 
somewhat  below  the  town,  is  Wolfden  Run,  which  is  likewise  polluted 
by  mine  water.  Below  this  run,  at  the  edge  of  the  river,  arc  23 
privies,  besides  those  belonging  to  the  houses  at  intervals  all  the 
way  to  Blaine. 

Blaine  is  an  unincorporated  town  situated  on  both  the  Maryland 
and  West  Virginia  banks,  1  mile  below  Harrison.  Here  a  woolen  mill 
which  employs  10  men  turns  into  the  river  spent  dyes  and  rinse  water 
from  the  finished  goods  to  the  amount  of  750  gallons  a  day,  besides 
the  sewage  of  its  employees.  The  water  supply  at  Blaine  is  from 
private  wells  and  cisterns.  The  use  of  latrines  is  imiversal  and  some 
of  them  pollute  the  river  and  the  race  which  supplies  power  to  the 
woolen  mill.  Others  are  located  upon  low  groimd  in  the  center  of  the 
town  and  are  scoured  out  by  the  river  in  times  of  high  freshets.  The 
privies  are  not  cleaned,  but  are  moved  to  new  trenches  when  it 
becomes  necessary  to  fill  the  old  vaults.  Thus  the  indirect  pollution 
of  the  river  is  considerable. 

Three  Fork  Run  enters  North  Branch  at  Chaffee,  W.  Va.,  4  miles 
below  Blaine.  This  stream  carries  its  quota  of  mine  water  and  is 
likely  to  become  more  polluted  in  the  future  than  it  is. now,  because  of 
the  probable  extension  of  mining  in  its  valley. 

At  Shaw,  W.  Va.,  4  miles  farther  downstream,  the  river  receives 
Deep  Run,  which  is  heavily  polluted  with  mine  water  and  with  the 
wastes  of  Atlantic  and  Elk  Garden,  two  mining  towns  high  up  among 
the  hills  far  back  from  North  Branch.  Elk  Garden  is  the  more  impor- 
tant of  the  two,  having,  in  fact,  a  considerable  population.  Its  water 
supply  is  from  private  wells  and  cistenis,  and  it  has  no  sewerage,  the 
use  of  privies  being  general.  When  these  are  cleaned,  the  soil  is 
removed  to  the  commons  on  a  tributary"  of  Deep  Run  and  buried. 
Elk  Garden  has  no  sewers,  hut  there  is  one  drain  for  surface  water 
only,  which  reaches  North  Branch  by  way  of  Deep  Run. 

Savage  River,  whose  watershed  supports  no  mines  and  is  given  over 
to  lumbering,  joins  North  Branch  near  Blooniington.  As  its  drainage 
area  is  practically  uninhabited,  the  water  is  relatively  \mrc  aud^  W\\v^ 
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of  nearly  equal  volume  to  that  of  North  Branch  at  this  point,  serves 
greatly  to  improve  its  character  by  diluting  the  impurities.** 

Between  Bloomington  and  West  Virginia  Central  Junction, North 
Branch  receives  a  considerable  amount  of  mine  wat«r.  The  town  of 
West  Virginia  Central  Junction  contributes  its  share  of  indirect  pollu- 
tion. The  river  passes  over  a  dam  here  and  with  its  fall  changes  its 
environment  and  character.  Up  to  this  point  it  is  a  turbulent  moim- 
tain  stream  to  whose  immediate  banks  the  population  is  confineA 
Back  from  the  river  the  Mar^^land  watershed  is  iminhabited  save  for  a 
few  isolated  farm  houses  here  and  there,  and  the  population  supported 
on  the  upland  drained  by  its  West  Virginia  tributaries  is  scattered, 
except  that  in  some  places  about  the  countrj"  stores  a  few  homes 
are  clustered.  From  this  point  on.  North  Branch  becomes  less  ^ild 
and  on  its  banks  appear  populous  towns  with  varied  industries  and 
in  some  cases  sewerage  systems.  The  influences  of  natiu'e  are  less 
manifest  and  the  artificial  (H)nditions  imposed  by  man  are  every\*here 
visible. 

A  little  below  the  dam  the  town  of  Luke,  Jftd.,  has  been  built  up  by 
the  West  Virginia  Pulp  and  Paper  Company.  Seven  hundred  men 
are  employed  in  the  factor}',  and  the  sewage  which  they  create  is 
turned  straight  into  North  Branch,  as  is  also  the  waste  from  the  fac- 
tory, which  is  the  largest  industrial  plant  in  the  whole  Potomac  basin. 
Soda  pulp,  mechanical  wood  pulp,  and  paper  are  made  here,  and  enor- 
mous quantities  of  alum,  soda  bleach,  and  lime  are  used,  besides 
kaolin,  glue,  size,  and  ultramarine  blue.  The  discharge  of  the  waste 
chemicals  and  the  shreds  of  wood  fiber  radically  alter  the  character  of 
the  river  at  this  |)oint. 

From  Luke  it  is  but  a  short  distance  to  Westernport,  Md.,  and  Pied- 
mont, W.  Va.,  two  towns  on  opposite  sides  of  the  river,  which  have 
identical  interests  and  form  (me  community.     Piedmont  has  a  sewer- 
a)^c  S3^slem  and  pollutes  North  Branch  both  directly  and  indirectly.'* 
The  town  owns  its  water  supply,  which,  by  arrangement  with  the 
West  Virginia  Pulp  and   Paper  Company,  is  pumped  from  Savage 
]{iver.     Tliougli  the*  water  undergoes  no  process  of  piu'ification,  it  has 
so  far  be(»n  used  with  good  results,  luMug  only  slightly  ])()lhited,  owing 
io  the  almost  (Mitin*  abscMice  of  population  on  the  watershed  from 
wluMice  it  is  derived.     Western[)ort  for  the  last  three  years  has  bought 
its  water  from  Piedmont.     Its  use  is  general  in  the  town,  for  the  wells 
along  (leorges  Creek  have  been  dcv^troyed  by  infiltrating  waters  from 
the  en^ek,  so  that  the  only  wc^lls  in  us(»  are  those  in  the  western  part  of 
town,  which  is  higher  than  the  otluM*  parts.     The  town  has  two  sewers. 
One  of  them  has  50  connect iojis,  runs  ])arallel  with  the  main  street, 
and  is  600  feet  long  and  .'^0  inches  in  diauieter.     The  other  ha^^  500 
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►nnections,  is  partly  open,  and  is  500  feet  lon^  and  36  inches  in 
aniet^r.  Both  discharge  into  Georges  Creek  near  its  mouth.  Besides 
lese  a  few  private  sewers  empty  into  the  creek  and  North  Branch. 

GEORGES  CKEEK.o 

Greorges  Creek  has  its  source  on  Big  Savag6  Mountain,  and  drains 
16  heart  of  the  soft-coal  region  of  Marj^land.  At  its  very  head  at 
ew  Shaft  a  large  stream  of  mine  water  is  constantly  running,  and 
lence  all  along  its  course  accessions  of  mine  water  are  received  at 
idrt  intervals,  so  that  by  the  time  Westemport  is  reached  the  waters 
re  surcharged  ^^-ith  mine  drainage,  and  are  lethal  instead  of  life  giving 
I  character.  They  destroy  all  vegetable  and  animal  life  in  the  chan- 
el,  and  stain  the  rocks  on  which  they  flow  yellow  with  a  deposit  of 
on  hydrate. 

At  the  head  of  the  creek  on  a  high  peak  of  Big  Savage  Mountain  is 
le  city  of  Frostburg.  It  has  a  good  public  water  supply  from  springs 
n  the  mountain,  and  the  Frostburg  Water  Company  furnishes  an 
uxiliar}'  supply  derived  from  a  well  and  springs.  The  city  for  the 
i«t  three  years  has  had  about  15  cases  of  tyj)hoid  fever  each  year, 
ome  of  the  castas  are  of  qutside  origin.  There  is  no  sewerage  system 
1  Frostburg  nor  is  there  need  of  any,  for  the  coal  mines  beneath  the 
own  drain  all  the  c<?sspools  and  care  for  some  of  the  surface  water  as 
^ell. 

Below  Frostburg  are  Borden  Shaft,  Ocean,  and  Midland,  all  mining 
ommunities  in  which  crude  sanitaiy  conditions  exist. 

Lonaconing,  about  midway  between  Frostburg  and  Westemport, 
J  also  a  mining  town.  It  has  developed  a  pul)lic  water  supply  on 
ackson  Run  for  a  reservoir  fed  l)y  two  mountain  streams  upon  whose 
''atersheds  but  two  or  three  families  live.  The  water  is  at  present  deliv- 
ted  to  523  families,  but  the  available  supply  is  5,000,000  gallons  a  day. 
'he  fact  that  but  nine  cases  of  typhoid  appeared  in  the  city  during 
leven  months  of  1904  points  to  the  comparative  purity  of  the  water, 
'he  death  rate  in  the  town  is  about  10  per  thousand  and  is  said  to  be 
ugmented  by  the  high  birth  rate,  for  the  local  statistics  seem  to  show 
lat  a  large  number  of  children  die  before  reaching  5  years  of  age. 
here  are  some  sewers  which  s(»rve  a  few  houses,  stores,  and  hotels 
id  which  empty  into  (leorges  Creek,  as  do  [ho  many  privies  that 
rectly  overhang  it.  Besidc's  these,  four  sluimbles  exist,  one  of 
hich  is  far  from  the  town,  and  buries  its  offal.     Tlie  three  others  are 

the  middle  of  tlie  town  and  are  used  by  six  butchers,  who  throw 
uch  of  the  ofl'al  into  the  cnM'k,  thougli  some*  of  it  is  Uh\  to  hogs. 
hero  is  one  steam  huindrv  which  (h'ains  into  Koontz  Run. 

a  Tho  rosiilts  of  stn*  i  ii  hums  ir.*  iwaI^  of  ( Ji'orjjjos  Crook  at  \Vc'st«Tnport  an'  glvon  on  pp.  .'ir>-r>7. 
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HORTH  BRAHOH  OF  POTOMAO  RIVES  FROM  0X0R0E8  ORSSX  TO  WIUL8  ORSDL 

At  Westemport  North  Branch  turns  and  flows  m  a  southeasterly 
direction  across  the  foothills  of  New  Creek  Mountam  until  it  reaches 
Keyser.  At  this  place  the  most  obvious  contamination  is  from  the 
mill  of  the  Patchett  Worsted  Company,  which  scours  1,800  pounds  of 
wool  a  day  and  uses  lO'O  pounds  of  aniline  dyes  a  week.  TTie  wastes 
are  turned  directly  into  the  river.  This  company  has  had  some 
trouble  with  its  water  supply.  The  Potomac  water,  it  is  claimed, 
makes  the  wool  which  is  washed  in  it  harsh,  while  the  waters  of  New 
Creek  stain  the  wool  badly. 

On  New  Creek,  6  miles  above  Keyser,  a  plant  of  the  Unit^  States 
Jjoather  Company  is  located.  Above  this  plant  the  water  is  coloriess, 
or  nearly  so,  while  below  the  place  where  the  tannery  discharges 
liquors  the  stream  becomes  red  or  almost  black.  Though  the  color  is 
reduced  in  the  course  of  flow  to  the  river,  the  water  is  still  tiiwny  at 
the  creek's  mouth.  The  tannery  employs  99  men.  In  the  summer  of 
1904  there  was  an  outbreak  of  typhoid  among  them,  due,  it  is  thought, 
to  contaminated  springs  and  wells  in  the  neighborhood.  New  Creek 
is  polluted  by  sewage  also,  for  while  the  use  of  privies  is  common  in 
Keyser  a  part  of  the  town  is  pretty  thoroughly  sewered,  and  the  sewer 
empties  into  the  creek,  as  does  that  of  the.  Baltimore  and  Ohio  Rail- 
road shop,  with  300  employees.  The  latter  conne<;tion  is  indirect, 
reaching  the  creek  througli  Longs  Gut.  Typhoid  fever  is  said  to  be 
rare  in  Keyser,  by  rea^son  of  the  purity  of  the  water  supply  in  general 
use.  The  source  is  a  mountain  spring  4  miles  east  of  the  toA^Ti.  The 
reservoir  has  a  capacity  of  G,75(),()0()  galhms  and  affords  a  pressure  of 
160  j)ounds  per  square  inch  in  the  lowest  part  of  the  town. 

Wn.LS  CREEK  AND  CUMBERLAND.a 

At  Keyser  the  Potomac  resumes  its  northeasterly  course  and  flows 
between  Dans  Mountain  on  the  north  and  Knobly  Mountain  on  the 
soiitli  to  (■uniberlarid,  where  it  receives  the  waters  of  Wills  Creek. 
The  drainage  area  of  this  creek  must  be  carefully  studied  in  order  to 
understand  sanitary  ccmditions  in  Cumberland. 

Wills  C-reek  rises  on  the  western  slope  of  Savage  Mountain,  Penn- 
sylvania, and  runs  northwestward  to  Mance,  where  it  turns  and  flows 
eastward  to  Ilyndman.  The  population  on  its  entire  watershed 
above  Hyndman  is  not  more  than  1,000,  and  not  many  of  the  small 
villages  need  especial  notice. 

Foley  is  a  railroad  station,  with  a  few  houses  huddled  about  it. 
Most  of  these  are  ])r()vided  with  privies  that  pollute  the  creek,  which 
runs  on  to  Fairhope,  where  there  is  a  brick  factory,  and  where  the 
stream  is  further  contaminated  by  overhanging  latrines.     Identical 

«  Tho  rcMilts  of  inoH.su nniionlH  of  Wills  Cn^ck  and  North  Brunch  of  Potomac  Klver  at  CumberUuid 
arc  f:ivi'n  on  pp.  58-64. 
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ditions  exist  at  Williams,  the  next  town  below,  and  at  Iloblitzell, 
nail  agricultural  community,  a  few  more  houses  add  their  filth  to 
water  course. 

[yndman  is  the  largest  town  on  Wills  Creek.  Its  public  water  sup- 
comes  from  a  spring  on  the  west  side  of  Wills  Mountain,  1  h  miles 
n  town,  and  its  purity  is  evidenced  by  the  fact  that  there  is  rarely 
typhoid  fever  in  the  place.  There  is  one  sewer,  about  a  quarter  of 
ile  in  length,  which  takes  slops  from  the  houses  on  the  line  and  soil 
n  a  few  of  them  and  from  the  bank  and  hotels.  The  rest  of  the 
ftbitants  use  privy  vaults,  which  seem  to  be  well  cared  for  by  the 
il  board  of  health.  The  tannery  of  the  Elk  Tanning  Company, 
eh  employs  55  men  and  makes  oak-tanned  sole  leather,  on  the 
tern  bank  of  Wills  Creek,  when  first  visited  poured  all  its  wastes 
;ctly  into  the  creek.  Since  then  conditions  have  been  bettered, 
the  company  has  constructed  at  the  edge  of  the  stream  near  the 
it  a  settling  pool  with  a  capacity  of  5,500  cubic  feet,  and  all  wastes 
turned  into  it.  At  the  time  it  was  inspected  it  was  full  and  over- 
ring  a  little,  and  it  was  observed  that  a  sluice  with  a  gate  had  been 
vided  by  which  direct  communication  with  the  creek  could  be 
iblished  in  case  the  capacity  of  the  pool  was  overtaxed.  In  spite 
hese  defects  the  new  arrangement  is  commendable,  and  has  done  a 
it  deal  toward  clearing  up  the  waters  of  the  stream.  A  privy 
eh  is  used  by  the  employees  overhangs  the  creek  and  a  water 
let  in  the  office  of  the  company  is  also  connected  with  it.  The 
acity  of  the  plant  is  105  hides  a  day,  and  the  total  wastes  are  esti- 
:ed  at  2,000  gallons  a  day. 

ome  distance  below  II^Tidman  is  EUerslie,  where  there  is  a  planing 
I  and  a  pumping  station  of  the  Standard  Oil  Company.  At  Cor- 
nville  Jennings  Run  joins  the  creek.  This  stream  heads  at  Frost- 
b:,  and  both  near  that  town  and  at  other  places  in  its  narrow  valley 
dves  large  cjuantities  of  mine  water.  At  Mount  Savage  it  is 
ed  by  Mount  Savage  Run,  which  is  polluted  by  many  overhanging 
ies,  and  upstream  by  the  acid  waters  of  a  fire-clay  mine.  Mount 
age  is  located  on  the  steep  slopes  of  high  hills,  so  that  the  run-off 
mgh  the  town  is  very  (juick,  and  in  times  of  heavy  rains  a  great 
[  of  the  refuse  of  the  town  is  washed  into  Jennings  Run  or  its 
utary,  Mount  Savage  Run.  At  Barrelville  a  small  tributary 
TS  Jennings  Run  from  Wellersburg,  and  that  too  is  contaminated 
nine  water  from  the  coal  mines  which  are  being  opened  up  in  its 
ey;  but  from  Barrelville  to  its  mouth  the  run  is  befouled  but  little 
e. 

elow  Corriganville  there  is  no  notable  pollution  imtil  Braddock 
I  is  reached.  This  stream  heads  at  Eckhart  Mines,  a  thriving 
ing  town  that  is  supi)lied  ^vith  water  by  the  Frostburg  Water 
ipany.  Privies  and  domestic  wastes  ilelile  the  run,  but  it  is  free 
JBB  192-07 15  * 
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from  mine  water,  owing  to  the  fact  that  the  waters  of  the  mines 
beneath  the  town  are  pumped  into  Georges  Creek  near  Borden  Shaft. 
The  completion  near  Clarysville  of  a  tunnel,  now  far  advance!  in 
construction,  11,000  feet  hmg  and  7  by  8  fe^t  in  cross  section,  will 
divert  the  drainage  of  the  Eckhart  and  Hoffman  mines  from  Georges 
Creek  to  Braddock  Run,  into  which  it  was  formerly  pumped.  The 
effects  of  the  consummation  of  this  project  will  be  far-reaching. 
Braddock  Rim,  whose  waters  are  now  comparatively  soft  and  suitabb 
for  boiler  purposes,  will  be  converted  into  a  stream  with  the  charjM>' 
t eristics  of  Georges  Creek  at  the  present  time,  while  the  water  of 
Georges  Creek  will  become  less  acid  and  so  less  potent  in  its  effect  on 
the  limy  waters  of  North  Branch  at  Westemport.  Moreover,  with 
the  reduction  of  its  acidity  the  Georges  Creek  water  is  likely  to  become 
less  noxious  to  bacteria,  so  that  the  sanitary  conditions  which  prevail 
along  the  creek  will  be  vastly  more  important  than  they  now  are  to 
the  towns  below  it,  notably  to  the  city  of  Cumberland,  whose  water- 
works Jntake  is  at  Ridgely,  on  North  Branch,  one-half  mile  above 
Wills  (Yeek.  The  Cumberland  water  now  receives  the  benefit  of  the 
clarification  and  germicidtd  action  which  the  united  waters  of  Georges 
Creek  and  North  Branch  accomplish  about  30  miles  above  it,  and 
should  this  action  become  less  effectual  it  is  conceivable  that  Cum- 
berland might  find  its  water  supply  less  pure  than  it  is  now.  The 
acid  waters  of  Braddock  Run  after  this  change  is  made  effective  wiD 
incn^ase  the  acidity  of  Wills  Crock,  and  that  in  turn  will  work  its 
effect  below.  At  ])res(Mit  Braddock  Run  flows  from  Eckhart  Mines  to 
Allegany  (ipovcv,  a  camping  and  ])icnic  resort  where  many  large  privi« 
pollute  it  badly.  Somewhat  below  Allegany  Grove  is  the  plaBt  of 
tli(^  »Iani(*s  Clark  Distilling  Company,  whose  wastes,  consisting  of  slops 
from  the  distilled  grains,  are  conducted  through  a  10-inch  terra-cotta 
j)ipe  along  the  sides  of  the  run  to  the  Narrows,  where  they  are  dis- 
charged into  Wills  (Veek.  The  conc(Tn  mashes  300  bushels  of  grain 
a  day,  hut  the  amount  of  waste  disgorged  into  Wills  Creek  is  jm)l>- 
leniatical,  as  a  fanner  bellow  the  distillery  taps  the  pipe  line  and  with- 
draws what  he  needs  for  his  cattle,  while  another  one  hauls  away 
enough  to  suj)]>ly  a  herd  of  forty.  The  fact  that  the  distiller}'  is 
closed  down  in  summer  is  undoubtedly  of  benefit,  for  the  waste, 
which  is  ])utrcscil)le,  is  thus  usually  discharged  only  in  times  of  coni- 
[)aratively  high  water,  which  tends  to  dilute  it.  Moreover,  at  summer 
t(Mnperatures  a  local  nuisance  would  be  created  about  the  Narn>ws 
by  rapid  decomposition  of  the  distillery  slops,  whereas  under  present 
conditions,  at  the*  lower  teuiperatun^s  of  aulunm  ind  winter,  decom- 
position is  more  gradual,  as  it  takes  ])lace  at  a  compjiratively  slow 
rat*'  and  over  a  considerable*  <listance. 

Helow  the  Narrows  of  Wills  Cn^c^k  is  a  tnnnery  of  the  United  States 
L(*ather  Com{)any,  where  the  course  of  the  stream  varies  with  its 
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In  times  of  low  water  practically  the  entire  stream  is  diverted 
3  dam  at  the  tannery  into  the  Beal  mill  race,  which  flows  through 
ost  populous  part  of  Cumberland  into  the  Chesapeake  and  Ohio 
.  When  the  creek  is  liigh,  so  much  of  its  waters  as  do  not  go 
gh  the  race  continue  over  the  dam  and  flow  through  the  biisi- 
lection  of  Cumberland  to  the  head  of  the  Chesapeake  and  Ohio 
,  into  which,  when  the  gates  are  open,  some  of  the  water  goes, 
the  rest  joins  North  Branch.  At  a  point  a  little  below  the 
ence  Dam  No.  7  has  been  built.  Its  purpose,  like  that  of  the 
dams  on  the  Potomac,  is  to  hold  back  the  waters  of  the  river 
lake  them  available  for  feeding  the  canal ;  its  effect  is  to  check 
irrent  of  Wills  Creek  and  to  create  slack  water  for  3  miles  up 
L  Branch.  It  can  be  easily  understood  that  in  times  of  drought, 
no  water  passes  over  the  dam  at  the  tannery  on  Wills  Creek 
lone  over  Dam  No.  7,  there  is  formed  a  bow-shaped  pool  of 
cally  stagnant  water,  one  arm  of  which  extends  from  the  Wills 
dam  to  North  Branch  and  the  other  from  Dam  No.  7  up  North 
rh  for  3  miles.  The  river  arm  is  but  little  polluted,  wliile  the 
arm  throughout  its  length  of  a  mile  through  the  center  of  Cum- 
id  is  very  much  so.  Into  it  slaughter  bams,  privies,  steam 
ries,  breweries,  and  some  of  the  sewers  of  the  city  discharge, 
icing  a  thoroughly  regrettable  condition  of  affairs.  In  time  of 
water  this  corruption  is  carried  into  the  canal  or  river,  but 
ever  there  is  a  drought  it  lies  festering  in  the  midst  of  the  city, 
nberland  is  the  largest  city  on  the  Potomac  watershed  above 
ington.  It  is  a  vigorous,  growing  place,  but  its  rapid  increase  in 
ation  has  outstripped  its  development  in  sanitary  matters.  The 
of  the  city  is  not  free  from  contamination.  As  private  wells 
)mmonly  polluted,  most  of  them  have  been  closed  up.  Cisterns 
jed  to  some  extent,  but  the  city  supply  is  generally  relied  on  by 
itizens.  It  is  pumped  directly  out  of  North  Branch  opposite 
4y,  1  mile  above  Wills  Creek,  and  is  consumed  without  purifica- 
)f  any  kind.  This  would  probably  be  more  disastrous  than  it 
s  were  it  not  for  the  beneficiid  purificaticm  which,  as  explained 
here,  takes  place  about  30  miles  above  the  city.  There  is  no 
n  of  sewage  purification,  though  there  is  a  sewerage  system 
I  serves  about  75  per  cent  of  the  city.  Soil,  slops,  and  some 
3e  drainage  are  taken  by  the  sewers,  though  about  95  per  cent 
»  system  carries  no  storm  water,  as  most  of  the  surface  drainage 
directly  to  the  race,  canal,  creek,  and  river.  Six  of  the  city 
8  discharge  into  the  nice:  two  of  tliese  are  30  inclios  in  dianie- 
ne  12  inches,  one  10,  one  S,  and  one  6.  Besides  these  the  race 
^es  the  droppings  from  many  overhanging  privies  and  is  polluted 
any  private  sewers.  The  dye  works  of  Thomas  Footer  &  Son 
irge  wastes  consisting  of  rinse  water  and  spent  dyes,  esliuuvted 
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Jit  1(),0(M)  tralloiis  })  (lay,  into  the  race,  topetluT  with  the  sowagenf  it> 
:>!()  «MnpIi)yiM*s.  MorcoviT,  the  race  is  sDinowliat  ol>stnictcH:l  l)y  ash« 
whic'li  arc  thrown  into  it.  IJesidos  tho  sewers  diseharging  into  the 
race,  tlie  following  empty  into  the  river:  One  24-inch  sewer,  wIuhjc 
fnll  capacity  is  prohahly  never  recjuiriMl,  entering  at  Valley  strwl: 
<»nc  (J-inch  private  sc\\»»r  for  sewage  only,  entering  at  a  point  alxjut 
opposite  tlu^  Town  Hall;  one  12-inch  city  sewer,  and  the  8  or  riimh 
s<'\vcr  owned  by  Allegany  County.  In  South  Cumberland  a  sewer 
empties  into  a  hrook  that  Hows  into  the  Chesapciikc  and  Ohio  Cansil 
n(»ar  the  QuetMi  City  ghiss  factory.  In  \\nnter,  when  the  canal  is 
(Iraintul  off,  the  stream  and  sewage  How  over  the  canal  banks  directly 
i:ito  North  Brainh.  Ahout  T)  per  cent  of  the  houses  in  South  Cum- 
herland  are  connected  to  this  sewer. 

Many  people  along  Wills  Creek  iind  it  to  their  advantage  to  sewer 
dirc<tly  into  it.  Al)«)v<^  the  Market  Street  liridge  the  United  State? 
heather  Company,  which  emi)h)vs  lOO  men,  discharges  its  tanner}' 
wastes,  amounting  to  I(),()()()  gallons  in  twenty-four  hours,  togcliicr 
with  the  sewage  of  its  employees,  into  the  creek.  Below  this  taniim 
the  Cumberland  Brewing  Company,  employing  50  men,  empties  the 
washings  from  its  harrels  and  sewage  from  its  emploj'ees.  At  the 
Markt't  Stret't  Bridge,  on  the  west  hank,  the  German  Brewing  Com- 
pany jMUu-s  out  the  washings  from  its  harrels.  amounting  to  l.o'Ki 
gallons  per  day.  togetluM-  with  the  sewage  of  its  3»5  employees.  ()i\ 
the  op|)o.-.itc  hank  a  gas  company  h^ts  som(»  of  its  waste  liquors  e.*ic«|H'. 
Fiiun  this  point  down,  <m  the  eastcM-n  side  of  Wills  Creek,  there  i>  a 
succession  of  overhanging  privies,  intersj)ersed  by  the  sewers  of  two 
steam  Ianri(lri(\<  and  l)y  a  few  slaughterhouses,  whose  floors  drain  t!:t 
hlotul  of  the  aninials  and  with  it  a  small  amoimt  of  ofFal  into  thr 
<Teek   (11.   Vlll,   Ak 

Throughout  the  southwest  pari  nfihat  s<H*tion  of  Cund)erland  lyir.L' 
we>i  of  WilU  Creek  Hows  a  small  run  that  is  undoid)tedly  the  rcvij^ionf 
of  nnich  |)ronM'NCUi>us  refuse,  which  it  empties  into  North  Brainh 
ahoul  one-fourlhor  a  mile  helow  the*  waterw'«)rks  intake  at  Ridgcli-.v. 
Whether  tiii^  imperils  the  eily  water  supply  or  not  can  not  he  stali'<!. 
i)Ul  the  poxihijity  oT  its  doing  so  should  Ix*  home  in  mind. 

The  Chesjij>ealv(»  and  Ohio  (V.nal  rec(Mves  most  of  tin*  irreiriilur 
j)ollution  of  South  Cumherlantl.  The  Baltimore  and  Ohio  Kailnniii 
shop<,  eniplo\in:^  (iiMl  lUiMi.  sewtM'  into  it,  and  so  does  the  X.  tS:  tj. 
Taylor  Company,  a  concern  which  em|)l()vs  »>()0  men  and  which  ma'A<"^ 
ste«'l  Mini  rolls  it  for  manufacture  into  lui  plate.  In  the  prtKH'^>  :'f 
mainifacture  larire  (plant it i«vs  of  sulphate*  of  iron  are  used,  and  t!ii^ 
when  pretty  well  e\liausic(l  lind^  its  \\ay  into  the  canal. 

Tlwre  are  many  other  i:!(lu>trie>  in  CumlxTland,  hut  luuie  of  iln-)i" 
ha\e  litpiid  wa"^t(»s.  That  other  manufacturers  will  come  to  ihcriiy 
is  //io/c  than  likely,  (ov  Cv\\\\\>ev\iv\w\  \s  v\v\\v\\\Vw^Qously  situated  and 
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IS  destined  to  enjoy  much  greater  prosperity:  This,  however, 
he  still  further  increased  by  bettering  the  conditions  above  de- 
)ed.  The  city  should  adopt  some  method  of  disposing  of  its 
:es  which  will  reUeve  the  river  of  doing  so,  and  its  water  supply 
lid  be  placed  above  criticism. 

KORTE  BKAVOH  OF  POTOMAC  RIVER   BELOW  WILLS  CREEK. 

elow  Cumberland  North  Branch  enters  the  Greater  Valley  of  the 
alachian  Plateau  in  that  part  known  as  the  Allegheny  Ridges, 
1  the  fact  that  mountains  trending  northeast  and  southwest  cross 
t  frequent  intervals.  In  the  valleys  between  these  ridges  flow 
iv  streams,  and  the  most  prominent  of  these  will  be  taken  up  in 
order  in  which  they  empty  into  North  Branch, 
vitts  Creek,  which  drains  the  thinly  settled  countr}'  between 
ver  Ridge  and  Evitts  Mountain,  enters  North  Branch  from  the 
h  a  short  distance  below  South  CHimberland,  w^here  its  water  is 
1  for  boiler  purposes  in  the  Baltimore  and  Ohio  Railroad  round- 
se.  At  one  time  it  was  advocated  as  a  source  of  public  water 
ply  for  Cumberland,  but  was  rejecited  partly  because  of  the 
ralence  of  typhoid  in  its  drainage  area.  Patterson  Creek,  the 
t  important  tributar\%  comes  in  from  the  south  at  Patterson 
>ot.  Burlington,  with  a  population  of  250,  is  the  largest  town  in 
Patterson  Creek  Valley;  its  inhabitants  gain  their  livelihood 
Farming  and  logging.  From  Patterson  Depot  North  Branch  flows 
'o  a  point  2  miles  east  of  Greenspring  and  then  loses  its  identity, 
ig  joined  by  South  Branch  of  the  Potomac  to  form  the  main 
am,  whose  conditions  will  be  described  after  taking  up  South 
nch. 

OLLUTION  IN  SOUTH  BRANCH  OF  POTOMAC  RIVER  BASIN. « 

outh  Branch  of  the  Potomac  rises  in  Iliglilnnd  County,  Va.,  at 
:htown,  on  the  divide  separating  the  headwaters  of  James  and 
omac  rivers.  The  stream  flows  northeastward  to  a  ])()iiit  0  miles 
t  of  Petersburg,  W.  Va.,  where  it  receives  North  Fork  of  wSouth 
nch,  which  is  formed  at  the  north  end  of  Middle  Mountain  by  the 
fluence  of  Laurel  Fork  with  Straight  F'ork  and  flows  nortlieast- 
d  to  its  junction  with  South  Branch.  The  stream  continues  in  a 
theasterly  direction  toMoorefield,  where  it  nHcives  the  waters  of 
)refield  River,  a  stream  that  flows  in  a  northeasterly  course*  from 
source  on  Shaw  Ridge  north  of  Palo  Alto,  Highland  County,  Va., 
r  the  head  of  Cow  Pasture  River,  a  tributary  of  the  James.  The 
re  country  drained  by  Soutli  Branch  of  the  Potomac  is  very 
^ed.     Several  of  tlie  mountains  rise  to  the  h(»ight  of  :^, ()()()  fec^t 

ic  renults  of  stroain  iin'u<unMiiciit^  on  Soiiili  liraiuh  «»f  I'otonuH-  Kivor  :it.  SpringticM.  VV.  \'a., 
von  oil  ]>p.  riti-77. 
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and  there  are  many  less  lofty  peaks.  The  watershed  is  muchcaup 
by  t  he  nniltitude  of  creeks  and  runs  that  are  tributary  to  the  rm 
stream,  and  these  waters  fall  precipitously  into  the  river  from  the 
mountains,  making  it  rise  and  fall  suddenly.  In  spring  the  melting 
of  the  snow  produces  very  high  water,  which  recedes  quickly.     ' 

South  Branch  from  its  source  to  a  point  6  miles  west  of  Peterabuij 
flows  between  North  Fork  and  South  Fork  mountains,  and  lies  between 
North  Fork  of  South  Branch  and  ^foorefield  River,  both  of  which  in 
parallel  to  it,  all  tlireo  streams  flowing  in  a  northeasterly  directkiL 
North  Fork  Valley  has  been  eroded  between  Spruce  and  North  Fak 
mountains.  Its  population  of  woodsmen  and  mountaineers  is  veir 
sparse,  so  that  the  stream  may  be  dismissed  with  the  statement  thit 
it  reaches  South  Branch  almost  unsullied.  Moorefield  River  has  cut 
its  valley  between  Shenandoah  and  South  Fork  moimtains;  the 
region  is  unsettled  and,  like  North  Fork,  the  stream  is  but  little  pol- 
luted.  The  only  source  of  contamination  is  a  tanning-extract  factory 
located  in  Brandy  wine,  Pendleton  County,  W.  Va.,  a  place  where  it  is 
said  there  has  been  much  typhoid.  When  this  plant  was  started  tl* 
stream  wa«  discolored  greatly  by  the  leakage  from  the  vats  where  tk 
chestnut-oak  wood  was  steeped.  At  the  present  time  this  leakage  is 
insignificant  and  such  coloring  matter  as  enters  the  stream  com* 
from  the  condenser  water,  which  absorbs  some  of  the  abstract  in  thf 
process  of  niaiuifacture. 

Soutli  Branch  itself  in  its  upmost  reaches  is  polluted  only  by  the 
wastes  at  Monterey,  Ilitrhland  County,  ^'a.,  and  by  those*  of  a  fe* 
scattered  settlements.  At  Franklin,  liowever,  where  the  streaming 
attained  considerable  size,  tlic  pollution  is  important.  This  to\Mih*5 
a  water  supply  from  sj)nngs  on  Entry  Mountain,  but  about  one-tliiw 
of  the  people  use  wells.  The  sewa»re  nuist  reach  the  river  venMndi- 
rectly,  for  the  houses  are  a  Ion*;  way  from  the  river  bank  and  there  is 
no  public  sewerage,  (hie  or  two  private  sewers  lead  from  theniaiD 
streets  of  tlie  town  to  the  bottoms,  but  most  of  the  people  useprivieS: 
an<l  the  soil  removed  from  these,  wlien  they  are  cleaned,  is  depositedi'^ 
boxes  near  the  river,  which  are  scoured  out  by  occiisional  floods.  ^ 
far  as  information  <roes  typhoid  is  rare  in  Franklin,  though  once  in* 
while  a  case  <*()ines  into  town  from  the  outside.  The  most  extensi^^ 
pollution  of  the  river  Iutc  is  accomplished  by  the  P'ranklin  Tannery 
Company,  whose  wastes  amount  to  practically  10,000  gallons  a  d^y 
The  factory  is  located  in  the  southwestern  part  of  tlie  town,  andi^ 
eflluents  are  carried  1,100  feet  through  a  O-inch  terra-cotta  cement' 
jointed  pipe  line  to  a  settling  pool  S3  yanis  from  the  river.  Ileretof 
solid  nuitters  sediment  out,  and  the  licpiids  usually  filter  slown 
througli  the  ground  to  the  river.  In  times  of  high  water  the  oartn 
becomes  saturated,  causing  the  pool  to  discharge  at  its  south  ^D" 
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iirectly  iiito  the  stream,  while  in  times  of  flood  the  entire  settling 
Imsin  is  invaded  by  the  river.  This  is  considered  unavoidable  by  the 
turnery  company,  because  in  its  opinion  the  best  available  place  has 
been  utilized  for  the  disposal  of  the  waste.  The  company  claims  that 
this  refuse,  which  must  ultimately  go  into  the  river,  is  best  discharged 
at  such  times,  for  in  the  huge  volume  of  water  that  rushes  downstream 
it  is  hardly  noticed  and  presumably  does  comparativeh?^  little  harm. 

The  countay  between  Franklin  and  Petersburg  is  given  over  to 
grazing  and  farming  and  is  verj'^  beautiful.  The  pollution  received 
by  the  river  in  this  interval  is  very  small  and  is  such  as  comes  from 
scattered  farmhouses  and  the  domestic  animals  about  them.  At 
Upper  Tract  there  is  a  country  store  and  something  of  a  settlement. 
Petersburg  is  a  small  town  at  which  there  is  a  tannery  of  the  United 
States  Leather  Company  that  employs  30  hands.  The  wastes  from 
this  plant  amount  to  3,000  gallons  daily  and  are  discharged  into 
Lunice  Creek  very  near  the  point  where  it  enters  South  Branch.  At 
the  time  of  inspection  South  Branch  was  in  flood,  so  that  the  efl'ects 
of  the  tannery  wastes  were  not  discernible,  but  it  is  entirely  probable 
that  in  low  water  they  discolor  the  stream,  for  there  is  no  attempt  to 
purify  them.  Petersburg  has  neither  public  water  supply  nor  sewer- 
age, and  tlie  only  receptacles  for  soil  are  privies.  The  next  town 
below  Petersburg  is  Moorefield,  which  takes  its  water  from  Moorefleld 
River,  a  short  distance  above  the  tanner}^  dam  on  that  stream.  The 
daily  consumption  is  36,000  gallons.  Besides  this,  nearly  every  house 
has  its  well,  and  these  are  locally  supposed  to  furnish  water  of  good 
qualitJ^  There  are  no  sewers,  but  there  are  one  or  two  drains  for 
surface  water.  The  tannery  at  Moorefield  at  the  time  of  the  inspec- 
tion was  owned  by  the  Cover  &  Drayton  Company,  but  has  now 
passed  into  the  hands  of  the  United  States  Leather  Company.  It  is 
situated  well  back  from  the  bank  of  Moorefield  River,  about  2  miles 
from  the  center  of  the  town.  The  plant  has  a  capacity  of  oO  hides  a 
day,  and  its  wastes,  which  amount  to  10,000  gallons  a  day,  are  carried 
to  a  settling  pool  near  the  edge  of  Moorefield  Kiver.  This  pool  is 
believed  to  be  large  enough  to  take  care  of  the  tannery  wastes  at  all 
times,  but  in  case  it  is  not  the  liquors  will  be  discharged  directly  into 
the  stream.  Like  the  settling  pool  of  the  taimery  at  Franklin  tliis 
one  is  flushed  out  by  floods. 

At  Old  Field,  a  short  distance  below  Moorefield,  wSouth  Branch  flows 
between  Mill  Creek  Mountain  and  South  Branch  Mountain  in  a  pre- 
ripitous  valley  locally  known  as  the  Trough,  while  the  highway  turns 
around  the  southwest  end  of  Mill  Creek  Mountain  and  follows  the 
Valley  of  Mill  Creek  to  Ilonmey,  passing  on  the  way  the  settlements  of 
I^urgitsville  and  Moorefield  Junction.  The  inhabitants  of  the^e  places 
^^^  farmers  and  the  population  is  very  small. 
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Koniney  is  situated  on  a  high  hill  well  back  from  South  Branch 
where  it  ernerti:e^  from  the  Trough.  It  has  a  public  water  suppiv 
from  springs,  but  no  public  sewerage.  The  State  asyluin  for  the  dea/ 
and  blind  located  here  has  a  private  sewer  that  discharges  into  B^ 
Run,  and  this  rivulet  carries  the  sewage  into  South  Branch  one-hil 
mile  below  the  town  limits.  From  Ronmey  to  its  mouth  the  valley 
of  South  Branch  is  peopled  by  farmers  and  there  is  no  further  impor- 
tant pollution. 

The  waters  of  this  large  stream  are  remarkably  pure  and  should  be 


protected  from  contamination.  Its  beautiful  valley,  wth  its  rugged 
mountains,  interesting  streams,  and  fair  intervales,  so  near  the  popu- 
lous cities  of  the  seacoast,  is  likely  to  yield  a  richer  return  as  a  wisely 
developed  region  of  summer  resorts  than  under  exploitation  by 
industrial  interests. 

POLLUTION    IN    POTOMAC    RIVER    BASIN    BETWEEN    MOUTH  OP 
SOUTH    BRANCH    AND  SHENANDOAH  RIVER. 

POTOMAC  RIVER  FROM  HOXTTH  OF  SOXTTH  BRANCH  TO  PAWPAW.a 

The  first  important  stream  entering  Potomac  River  below  the  con- 
fluence of  North  and  wSouth  branches  is  Little  Cacapon  River,  a  south- 
ern tributary.  A  few  miles  below  this  stream  is  Pawpaw,  W.  Va.,* 
small  town  at  which  there  is  a  tannery  that  employs  140  men.  The 
tannery  wastes  amount  to  If) ,000  jrallons  a  day.  Part  of  them  are 
sedimented  near  the  river's  e(l<;e,  hut  the  rest  are  discharjred  directly 
into  the  river  and  markedly  discolor  it. 

From  Pawpaw  the  river  takes  a  ineanderinjj:  course  between  Town 
Hill  and  Sidelin«r  Hill.  At  the  hamlet  of  Little  Orleans  Fifteenniile 
Creek  enters  from  the  north,  and  4  miles  farther  downstream  is  the 
mouth  of  Si(lelin<i:  Hill  Creek.  The  Potomac  then  cuts  across  Sidelin? 
Hill  and  Tonoloway  Kidge,  on  the  eastern  side  of  which  lies  the  village 
of  (ireat  Cacapon. 

GREAT  CACAPON  RIVER. 

A  short  distance  east  of  Great  Cacapon  is  the  mouth  of  C^re^^^ 
Cacapon  River,  which  is  formed  at  Forks  of  Capon  by  the  junction 
of  North  River  and  Cacaj)on  River. 

North  River  rises  in  South  Branch  Mountain,  Hardy  Coiini}' 
W.  Va.  Two  tannint^-extract  factories  are  located  in  this  stream, one J^^ 
fnkerman  and  the  other  at  Rio.  Cacapon  J{iver,  or  Lost  River,  a^^'^ 
is  known  abovc^  Wardensville,  on  account  of  its  sinkinj::  beneadiiJ' 
bed  for  a  short  distance*,  rises  in  North  Mountain,  Hardy  CoiinO- 
W.  \ii.  There  are  two  tanneries  in  its  basin,  one  at  Lost  City  ancHiw 
other  at  Capon  Bri(lij:(».  Kach  employs  25  men  and  turns  out  r)()  hi"^- 
a  day.  The  wastes  are  said  to  be  sedinuMitcMl  before  beinj;  tiirn«''' 
into  the  river. 
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Great  Cacapon  River  is  less  than  75  miles  long.  For  a  considerable 
stance  above  its  mouth  it  is  about  150  feet  wide.  It  is- made  up  of 
suo<?ession  of  rapids  and  pools.  In  some  of  the  pools  the  water  is 
ep,  hut  the  rapids  are  shallow.  In  ordinary  stages  the  river  is  ford- 
le  at  almost  any  place  except  in  the  pools.  The  lower  part  of  the 
er  has  a  considerable  fall  per  mile  and  is  full  of  large  rocks  and 
wlders. 

'  POTOKAO  SIVBS  FROH  O&EAT  OAOAPOV  RIVEB  TO  COVOCOOHEAOTTE  GREEK. 

The  next  important  tributary'  below  the  Great  Cacapon  is  Warm 
ring  Run,  which  enters  the  Potomac  from  the  south  at  Brosius. 
is  stream  is  polluted  by  sc»wage  from  the  town  of  Berkeley  Springs, 
lich  is  6  miles  from  the  Potomac  and  which  owes  its  existence  to 
frnial  springs  that  supply  tlie  community  with  water  and  are  held 
high  esteem.  The  hotels  and  leading  houses  are  served  by  a  sewer 
lich  discharges  into  the  run  al)out  one-half  mile  north  of  the  towTi. 
Opposite  Brosius  is  Hancock,  one  of  the  oldest  towns  in  Maryland, 
is  a  small  place  without  factories,  and  as  it  is  located  well  back 
)m  the  river  the  trivial  refuse  that  is  created  there  must  reach  the 
:^am  either  very  indirectly  or  by  the  two  runs  which  flow  along  the 
treme  east  and  west  ends  of  the  tt)wn.  The  pollution  at  Hancock 
ay  become  more  important  in  the  future  if  the  stinudus  recently 
ceived  from  the  advent  of  tlie  Wabash  Railroad  is  suflicient  to 
ivelop  steady  growth.  From  Hancock  the  Potomac  continues  its 
ay  eastward.  From  the  north,  a  little  east  of  Hancock,  it  receives 
reat  Tonoloway  Creek;  from  the  south,  a  considerable  distance  far- 
ler  on.  Sleepy  Creek;  and  beyond  tliat,  from  the  north,  Licking 
reek,  a  stream  which  rises  in  Bedford  County,  Pa.,  and  receives  the 
idirect  pollution  of  McC()nnellsl)urg,  a  sizable  country  town,  where 
lere  is  a  tannery  having  a  capacity  of  about  a  hide  a  day.  A  few 
liles  l)elow  Ijicking Creek,  Back  (-reek  joins  the  river  from  the  south, 
bove  Dam  No.  5  the  Chesapeake  and  Ohio  Canal  enters  the  Potomac 
fid  becomes  one  with  it  for  miles,  not  resuming  its  separate  course 
ntil  it  reaches  Dam  No.  5,  7  miles  above  Williamsport,  Md.,  where 
onococheague  Creek  enters  the  river. 

CONOCOCHEAGTJE  CHEEK. 

Conococheague  Creek  has  intrenched  itself  in  the  eastern  edge  of 
umberland  Valley  and  drains  a  wrll-populated,  prosperous  region, 
he  stream  rises  in  South  Mountain,  A(hinis  County,  Pa.,  and  flows  in 
Westerly  ch'recticm  by  many  villages.  At  Scotland  there  is  a  large 
idustrial  school,  which  disposes  of  its  sewage  l)y  the  Waring  system, 
matter  of  importance  to  Chanil)ersl)urg,  the  city  next  below  it. 
he  water  supply  of  this  ilourishing  city  is  pumped  from  Conoco- 
^eao;ue  Creek  at  a  point  2  miles  upstream  and  is  delivered  without 
•irification  to  the  citizens,  nearly  all  of  whom  are  dependent  on  it, 


228  THK    POTOMAC    RIVKR    BASIN. 

for  the  well  water  is  too  hard  to  be  used  satisfactorily  in  boilers  ftDd 
is  commonly  so  polluted  that  the  wells  have  fallen  into  disuse.  Cham- 
bersbur^  has  no  public  sewerage  system,  probably  because  the  seams 
of  the  nuich  fractured  limestone  on  which  the  city  is  built  act  as  con- 
duits for  the  sewage  of  the  cesspools  that  are  as  a  matter  of  course 
provided  for  every  house  and  carry  it  away,  presumably  to  the  creek. 
There  are  two  private  lO-inch  sewers,  to  one  of  which  are  connected 
three  hotels  and  fifteen  private  dwellings  and  to  the  other  a  hotel,  tk 
trust  company,  and  the  court-house.  There  is  also  a  private  8-incli 
sewer  which  is  used  by  25  families  and  another  for  the  300  employees 
of  the  Wolf  Company.  All  these  sewers  empty  into  Conococheag:ue 
Creek,  which  is  further  corrupted  by  a  part  of  the  sewage  of  the  Wil- 
son College  for  Girls,  an  institution  having  400  students,  by  the  wash- 
ings of  a  creamery  and  of  a  beer-bottling  establishment,  by  the  spent 
lye  of  J.  G.  Gerbig  &  wSons'  soap  factory,  by  the  residues  of  the  Cham- 
bersburg  Gas  Company,  and  by  the  spent  dyes  of  a  small  dyehouse 
wliich  maintains  its  own  connection  to  the  creek.  Moreover,  three 
slaughterhouses  utilize  the  stream  for  the  disposal  of  their  offal.  Its 
tributary,  Falling  Spring  Run,  increases  the  pollution,  for  to  this  litde 
stream  are  connected  the  urinals  of  the  Cumberland  Valley  Raihtjsd 
shops,  wliich  are  used  by  230  men,  and  the  five  water-closets  of  its 
main  office  building,  where  there  are  50  employes.  The  nm  is  also 
the  recipient  of  the  sewage  of  the  90  hands  ol  the  Chambersbiir^  Shoe 
Company.  The  Chambersburg  Woolen  Company  voids  into  it  the 
sewage  of  the  95  employees,  tog(»tlier  with  wastes  consisting  of  spent 
(lyes  and  rinse  water  from  the  iinished  goods;  and,  finally,  a  steam 
laundry  adds  its  aillueut .  From  Chambersburg  Conococheague  Creek 
runs  southwestward  for  15  miles  t^)  the  point  where  it  receiv<»s  the 
waters  of  Back  Creek,  a  stream  on  which  is  locateil  Williamson,* 
small  town,  wliere  a  large  dairy  and  butter  factory  pollutes  the  water. 

Four  miles  Ix^lovv  its  confluence  with  Back  Creek,  Conococlieapie 
Creek  is  joined  by  Moss  Bank  Hun.  This  little  stream  probably 
receives  practically  all  of  the  sewage  which  l(»aks  away  from  the  ce^^• 
pools  in  the  hrnestone  that  undcM-lies  the  city  of  (ireencastle.  Theru" 
at  the  eastern  vd^r^^  of  the  city  receives  the  washwater  and  dyes  of  a 
little  woolen  mill  and  then  disai)pears  below  ground,  apparently  to 
n^appear  on  the  western  side  of  the  city,  from  w^hich  point  it  flo^^ 
eastward  ]  mile  to  Conococheague  Creek,  (ireencastle  is  siippli^' 
with  water  by  the  (ireencastle  Water  Company  from  Eshleman  an<J 
wSpangler  springs,  2  miles  east  of  the  city.  It  is  a  gravity  supply  an" 
was  put  in  at  a  cost  of  S:^(),()()(). 

From  Moss  Bank  Run  Conococheague  Creek  ilows  southward  f<^^'' 

miles,  and  then  receives  the  waters  of  its  Wcv^t  Branch,  wliich  rises od 

the   divide  between  Cumberland    and    Franklin   counties   and  6o^' 

southward  until  it  reaches  VW  \wa\\\  sVvxnww.    '\W  \\\^1  contaniinati'^n 
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West  Branch  is  received  a  short  distance  above  Mercersbur^  Junc- 
>n,  where  the  waters  of  Trout  Run  come  in.  This  stream  heads  in 
►ve  Mountain  a  Httle  to  the  west  of  Foltz,  in  Cove  Ciap,  and  passes 
rou^h  the  hog  yard  of  a  small  distillery.  The  animals  are  fed  on  the 
)ps,  and  while  they  doubtless  dispose  of  most  of  it  probably  a  part 
capes,  and  with  the  excrement  of  the  swine  contaminates  the  stream. 
From  Mercersburg  Junction,  We^st  Branch  continues  to  a  point 
K)ut  2  mile^  east  of  Mercersburg.  This  city  has  a  public  water  sup- 
y  derived  from  Trout  Run,  before  mentioned,  at  a  point  above 
16  distillery  known  as  Buchanan's  birthplace,  where  there  is  a  dam 
5ross  the  run,  the  slackened  waters  being  piped  to  an  equalizing 
«ervoir  and  thence  to  the  city.  The  supply  is  probably  very  satis- 
»ry,  t)ecause  the  waters  are  tapped  in  the  Pennsylvania  Forest 
eserve,  which  insures  their  freedom  from  contamination.  The 
ater  is  used  generally  in  the  city,  but  is  supplemented  by  six  j)ublic 
ells,  which  are  on  the  main  street.  The  sewerage  system  coiLsists 
f  two  sewers,  one  a  6-inch  pipe  2,500  feet  long,  laid  through  the 
lain  street,  and  the  other  an  8-inch  pipe  800  feet  long,  known  as 
le  Church  street  sewer.  Besides  these,  Mercersburg  College,  which 
as  .300  students,  has  a  private  sewer.  All  this  sewage,  together 
ith  the  effluent  of  the  tannery,  is  discharged  into  a  little  rivulet 
flown  locally  as  Dickeys  Run,  heading  back  of  the  town.  When 
ispected  at  the  point  where  it  crosses  the  main  street  this  run  was 
ttiply  a  brooklet  of  blood  owing  to  the  discharge  of  a  slaughterhouse 
-arby.  Below  the  slaughterhouses  is  located  the  tannery  of  W^.  D. 
»7on  &  Sons.  The  capacity  of  the  plant  at  present  is  75  hides  a 
ly,  but  it  is  being  increased.  The  wastes  now  amount  to  2,500 
dlons  a  day,  and  by  agreement  with  the  property  owners  below 
e  discharged  only  at  night.  The  length  of  the  run  to  We.st  Branch 
2  miles.  Near  its  mouth,  at  the  time  of  inspection,  it  did  not 
ow  evidence  of  the  gross  pollution  which  it  receives,  though  as 
Was  inspected  in  daytime  the  tannery  eflluent  was  not  a  factor. 
West  Branch  joins  Conococheague  Creek  10  miles  below  Dickeys 
Un,  and  from  the  confluence  the  creek  continues  without  conspicu- 
is  pollution  to  Williamsport,  Md.,  where  it  joins  the  Potomac. 
^is  town  was  at  one  time  visited  by  General  Washington  to  deter- 
iiie  its  advantages  as  the  future  capital  of  the  United  States.  At 
esent  it  is  a  large,  beautifully  located  village  without  a  public 
iter  supply  and  without  sewerage,  though  authority  to  construct 
^  former  was  given  at  the  last  session  of  the  legislature.  There 
a  little  manufacturing  done,  but  the  industries  do  not  create 
luid  wastes,  with  the  single  exception  of  the  tannery  of  W.  I).  Brvon 
Sons.  This  firm  employs  2r)()  men,  and  its  wastes,  amounting  to 
^000  gallons  a  day,  are  discharged  into  Conococheague  Creek  but 
short  distance  above  its  mouth. 
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OPEQUOH  CREEK. 

Opequon  Creek  rises  east  of  Stephens  City,  Frederick  ( 
Va.,  and  flows  northeastward,  emptying  into  the  Potomac  R 
miles  east  of  Martinsburg,  W.  Va.  In  general  its  course  is  si 
but  from  Middleway  to  Martinsburg  it  is  somewhat  mean 
Although  this  stream  is  small,  and  through  most  of  its  coun 
in  a  farming  region  in  which  it  receives  but  little  pollution  a: 
mostly  indirect  and  derived  from  enriched  land,  domestic  a 
and  a  score  of  scattered  hamlets,  yet  from  the  sanitary  stand] 
is  important  because  of  the  nature  and  amount  of  sewage  r 
at  three  different  places. 

Winchester,  the  county  seat  of  Frederick  County,  Va.,  is  s 
on  Abrams  Creek,  5  miles  from  Opequon  Creek.  It  has  a 
water  supply  which  consists  of  w^hat  are  known  as  the  old  i 
new  w^aterworks.  The  old  works  date  from  colonial  tini 
derive  water  from  a  spring  three-fourths  of  a  mile  west  of  the 
house;  the  new  works,  installed  in  1894  at  a  cost  of  $55,0 
supplied  from  a  spring  three-fourths  of  a  mile  southwest  of  the 
house  and  afford  2,500,000  gallons  in  twenty-four  hours, 
is  no  sewerage  system  and  the  use  of  cesspools  and  privy  v; 
universal;  they  care  for  themselves  by  draining  away  throi; 
crevices  of  the  limestone.  Probably  much  of  the  pollutio 
mately  e^nters  Town  Kun,  which  j)asses  through  the  center 
town  and  joins  Abrams  (Veek.  Besides  the  indirect  contami 
Town  Run  receives  waste  from  a  stc\nn  laundry  and  ga.s  hoi; 
latter  makes  the  run  foul  and  ill  sniolling.  Near  the  ga.s  house 
Graichen's  tannery  dis('harge\s  its  oHIuent,  made  up  of  lime 
bark  liejuor,  and  water  from  wool  scourings,  all  of  which  i 
to  200  gallons  a  day;  the  Winchester  creamery  contributes  th 
ings  of  its  floors,  vats,  and  cans;  the  Lewis  Jones  Knitting  Co 
adds  spent  (ly(\s  and  run-down  lime  bleach;  and  the  Virginia  ' 
Company  discharges  its  waste,  consisting  of  1,000  gallons  a 
scouring  liquors  and  spent  dyes.  This  unsavoiy  burden  i.- 
ered  by  Town  Run  to  Abrams  Creek  (^)n  the  southeastern  oi 
of  Wincliester.  West  of  Winche^ster,  nearly  '.]  miles  above  the 
of  Town  Run,  Abrams  Oeek  receives  the  waste  of  the  Ai 
Strawboard  Company's  factory,  which  makes  paper  boan 
old  newspapers.  The  ellluent  is  dirty  water  full  of  shreds  o 
and  is  run  into  a  settling  pool  from  which  it  flows  into  Abrams 
The  sediment  is  occasionally  taken  out  of  the  pool  by  farn 
use  as  a  fertilizer.  A.  (\  Williamson  cV:  Brothers,  manufacti 
woolen  goods  for  public  instituticms,  pour  the  rinse  from  their 
factured  goods  and  some  spent  dyes  into  the  cre^ek,  after  w 
flows  7  mile^s  to  Op(M(Uon  Creek  without  further  industrial  pc 
othor  than  that  deUveved  \>\  Ton\a\A\w\\,  w^  \\\\v^wdx  vweutioneel 
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Two  miles  below  the  mouth  of  Abrams  Creek,  Opequon  Creek 
receives  Lick  Run,  which,  at  Jordan  Springs,  is  polluted  from  June 

0  September  by  the  sewage  of  a  summer  hotel  and  its  cottages, 
)lanDed  to  accommodate  300  guests. 

Martinsburg,  W.  Va.,  is  on  Tuscarora  Creek,  1  mile  from  Ope- 
[uon  Creek.**  In  past  years  the  city  suffered  seriously  from  typhoid, 
'Ut  the  citizens  finally  delivered  themselves  from  the  scourge  by 
losing  up  the  wells  and  abandoning  the  old  water  supply,  both  of 
rhich  were  considered  to  be  polluted.  A  new  and  satisfactory 
ater  supply  from  Kilmer  Spring,  1  mile  west  of  the  city,  was  installed 

1  1903,  at  a  cost  of  $30,000.  There  is  no  sewerage  other  than  four 
rains,  aggregating  2,000  feet  in  length:  these  are  for  surface  water 
nly,  which  they  discharge  into  a  tributary  of  Tuscarora  Creek, 
ibout  5  per  cent,  of  the  houses  have  water-closets,  and  these  empty 
ito  cesspools;  the  rest  of  the  people  are  dependent  on  privies, 
loth  cesspools  and  privies  tire  well  looked  after,  owing  to  the  city's 
xperience  with  typhoid,  but  they  undoubtedly  furnish  Tuscarora 
'reek  with  considerable  indirect  pollution.  Only  one  privy,  that  of 
he  electric-light  company,  was  noticed  to  overhang  the  creek  directly. 

Tuscarora  Cre^k  is  greatly  polluted  by  industrial  wastes.  The 
irst  and  most  noticeable  of  these  is  that  of  the  Ilannis  Distilling 
'ompany,  amounting  to  8,000  gallons  in  twenty-four  hours.  Inas- 
iiuch  as  it  consists  of  slops  from  the  mash,  which  is  a  good  cattle 
eed,  much  thought  has  been  spent  by  the  company  in  devising 
neans  to  separate  the  solid  portion  from  the  licpiid  in  which  it  is  sus- 
pended. By  means  of  a  somewhat  elaborate  system  of  settling  and 
Itering,  all  but  the  finest  impalpable  material  is  saved  and  put  on  the 
larket.  The  part  that  is  discharged  into  the  creek  is  finely  subdi- 
ided  matter  in  suspension  in  weakly  acid  litjuor,  and  has  defied  every 
?vice  of  the  company  to  recover  it.     Once  in  the  stream  it  collects 

long  undulating  streamers,  which  adhere  to  the  banks  and  bottom, 
ving  the  creek  an  unsightly  appearance.  As  this  effluent  is  undoubt- 
lly  good  food  for  alga*  and  bacteria,  it  favors  their  development. 

A  considerable  distance  from  the  Ilannis  distillery,  at  the  south  end 

■  the  city,  the  gas  company  discharges  ammoniacal  licjuors  into  the 
ream.     Opposite  the  gas  works  a  little  run  enters  which  carries  most 

■  the  manufacturing  eflluents  received  l)y  Tuscarora  CVeek.  Tlie 
jlboum  Knitting  Machine  Company\s  waste  amounts  to  1  (),()()()  gal- 
►ns  a  day,  and  consists  of  wool  scou rings,  spent  dyes,  and  rinse  watei*s 
*om  the  manufactured  goods.  These  liquors  are  nin  into  a  sediment - 
ig  pool,  whence  they  overflow  into  the  run.  The  j^olid  matter  is 
umped  out  from  time  to  time  and  allowed  to  stand  in  the  vicinity  of 
he  pool.     The  Crawford  Woolen  Company  discharges  directly  into  the 
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run  1  (),()()()  gallons  of  spent  dyes  and  5,000  gallons  of  woolscoiirmg8in 
twenty-four  hours.  The  Martinsburg  Worsted  and  Cassimere  Com- 
pany utilizes  the  run  for  its  spent-dye  liquors,  which  amount  io  5,000 
gallons  in  twenty-four  hours. 

Xo  other  important  contamination  taints  Tuscarora  Creek  below 
this  little  run.  Before  leaving  the  discussion  of  Martinsburg,  how- 
ever, it  should  be  noted  that  the  ice  consumed  in  the  city,  though 
mainly  of  local  manufacture,  is  in  part  cut  on  the  Tuscarora  Creek 
above  the  city  and  in  part  on  Opequon  Creek  above  Tuscarofti  Creek. 
The  latter  source  is  undoubtedly  unsafe  on  account  of  the  pollution 
of  Opequon  Creek  by  the  city  of  Winchester,  and  the  practice  of  har- 
vesting ice  on  it  should  be  prohibited.  From  the  mouth  of  Tuscarora 
Creek,  ()pe(|Uon  Creek  flows  for  a  few  miles  through  a  farming 
country  to  the  Potomac. 

POTOMAC  RTVER  FROM  OPEQTTOH  CREEK  TO  AKTIETAM  CREEK. 

On  the  Potomac,  20  miles  below  Opequon  Creek,  is  Shepherdsto\*Ti, 
a  village  with  no  public  water  supply  and  but  few  w^ells,  most  of  the 
inhabit  ants  using  cistern  water.  There  is  no  sewerage  system,  but  a 
small  nm  which  courses  through  the  town  performs  the  functions  of 
one.  It  is  lined  with  privies  and  hogpens,  which  pollute  it  badly. 
The  town  is  too  small  to  contaminate  the  Potomac  greatly,  but  its 
contribution  of  excrement  should  not  be  overlooked,  for  small  out- 
breaks of  typhoid  fever  are  very  Hkely  to  occur  in  places  without 
water  supply  and  sewerage,  and  the  disease  can  easily  be  disseminated 
by  means  of  infected  feces  through  the  agency  of  the  river.  Six 
miles  below  Shei>herdstown  is  th(^  mouth  of  Antietam  Creek. 

ANTIETAM  CREEK." 

Antietam  (-reek  rises  in  the  (Ireen  Kidge  Mountains,  Franklin 
County,  Pa.,  and  discharges  into  the  Potomac  5  miles  below  Shar])jr 
burg.  On  Little  Antietam  Creek  is  the  town  of  Mont  Alto,  which  fur- 
nishes some  indirect  pollution  to  the  stream.  Betwe(»n  East  Branch 
and  Little  Antietam  Creek,  in  Franklin  County,  is  the  borough  of 
Waynesboro,  which  contains  several  large  industrial  plants,  but  none  of 
them  have  liijuid  wastes.  The  Frick  Com])any,  however,  runs  thesew- 
a<re  of  its  700  employees  into  Little  Antietam  Creek  through  an  open 
sewer.  Tlu*  water  suf>ply  of  \Vayn(\sl)oro  is  well  adapted  to  boiler 
use,  and  gives  general  satisfaction.  Tt  is  derived  from  two  source?. 
One  of  them,  Bailey  Spring  Run,  is  4  miles  northeast  of  the  town. 
The  reservoir  was  constructed  in  INS"),  and  is  now  rarely  used,  being 
sim])ly  a  reserve  which  can  be  called  on  in  case  of  emergency.  The 
main  sii]>ply  of  the  town  is  derived  from  Rattlesnake  Hun,  across 
which  J!  (lam  has  been  built  at  itsconfluence  with  East  Branch  of  Anti^ 
tam  Creek  in  the  Permsylvania  Forest  ]\eserve.      From  this  point  the 

"  Kcsult.s  of   .slr(  Mill  m  u>viri  uvaaVs  ou  \\\V\vV.\m  V'vvvV  uV  "^\v\\yv^\a\\-^v\tvj  viven  o  i  pp.  >G-*- 
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er  is  carried  7  miles  southward  and  serv^ed  to  the  town.     There 

0  sewerage  other  than  an  irregular  system  of  drains,  which  are 
>osed  to  exclude  soil.  The  cesspools,  which  are  universally  used, 
n  through  the  broken  limestone,  presumably  to  one  or  the  other 
lie  branches  of  the  Antietam.  The  result  is  that  practically  all  the 
s  of  the  town  are  polluted,  and  have  been  abandoned  ])oth  on  this 
»unt  and  because  the  water  is  hard  and  not  adapted  to  domestic 
lanufacturing  use. 

he  next  towTi  of  importance  below  Waynesboro  is  llagerstown,  a 
e  industrial  center  of  western  Maryland.  Its  public  water  suj)ply 
umished  by  the  Washington  County  Water  Company,  and  is 
ved  from  runs  on  South  Mountain,  11  miles  from  the  city.  The 
;ent  w^aterworks  were  started  in  1896  and  completed  in  1903. 
ir  capacity  is  1,»(K),0()()  gallons  in  twenty-four  hours;  that  of  the 
works,  established  in  1S81,  was  400,000  gallons.  In  1902,  owing 
he  depleted  condition  of  the  reservoirs,  it  was  found  necessary  to 
blish  a  pumping  station  on  ^Vntietam  Creek  at  Bridgeport. 
ter  was  pumped  for  thirty  days  only,  and  since  that  time  tliis 
•ce  has  never  been  u.sed,  but  it  is  still  available.  llagerstown 
no  regular  sewerage  vsystem,  but  is  pretty  thoroughly  drained  by 
a-cotta  pipes,  which  are  supposed  to  exclude  all  spil.  Slops,  how- 
•,  undoubtedly  enter  these  pipes.  Fifty  per  cent  of  the  houses 
e  water-closets;  the  rest  depend  on  privies.  Cesspools  which 
e  the  water-closets  are  in  many  cases  abandoned  wells,  and  esti- 
es  have  been  made  that  40  per  cent  of  them  are  so.  Priv^y-vault 
ter  is  sometimes  buried  in  the  town,  but  more  commonly  it  is  ear- 
outside  of  the  city  limits  and  disposed  of  on  farms.  Owing  to 
fact  that  cesspool  drainage  and  other  pollution  finds  its  way 
>ugh  the  crevices  and  seams  in  the  rocks  that  underlie  the  town 
he  general  water  level,  most  of  the  wells  have  become  polluted, 
consequently  many  of  tliem  have  been  closed  uj).  The  fact  that 
insiderable  number  of  typhoid  cases  occur  every-  year  in  Ilagers- 
n  and  that  these  are  as  a  rule  coniined  to  users  of  well  water  seems 
adicate  that  the  remaining  wells  should  be  abandoned.  The  indi- 
pollution  is  probal)ly  larg(»ly  carried  oiT  by  Town  Kun,  a  tribu- 
r  of  Marsh  Hun,  which  in  turn  enters  Antietam  Creek.     Town 

1  receives  the  condens(»r  water  and  washings  from  ])eer  ])arrels  of 
llagerstown  Brewery  Company,  which  claims  that  it  is  this  flux 

^ater  alone  that  keeps  the  run  from  sta<rnating  and  becoming  very 
I  and  offensive  in  summer  time.  The  Blue  Kidg(»  Knitting  Com- 
ly  does  considerable  dyeing  not  only  for  itself,  hut  for  other  iirms 
^larj'land  and  Pennsylvania.  Its  wastes  are  spent  dyes  and  rinse 
er  f rom  the  finished  goods  and  amount  to  2,400  to  :^,()00  gallons 
wenty-four  hours.  They  are  disposed  of  in  the  Town  Kun.  ^.  V. 
dette  &  Co.  bleach  their  goods,  and  tlie  rinse  water,  amountinor 
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to  3,500  gallons  in  twenty-four  hours,  and  the  wasted  spent  Weach 
enter  Marsh  Run.  The  Antietani  Creek  Paper  Company  is  loc^it^d 
outside  of  Ilagerstown,  and  makes  paper  from  wood,  ra^,  and  paper 
by  the  soda  process.  The  most  important  waste  is  spent  lime  bleach. 
which  is  sedimented  near  the  mill  and  applied  to  a  farm  owTiedbythe 
company. 

Below  its  confluence  with  Marsh  Run,  Antietani  Creek  receives 
important  i)ollution  from  but  one  other  source — the  tovm  of  Sharps- 
burg,  Md.,  located  on  a  little  run  a  short  distance  from  the  creek. 
The  town  is  a  small  one,  but  it  is  near  the  battlefield  of  Antietam. 
and  therefore  is  periodically  visited  by  crowds  who  severely  ta.x  iis 
limited  sanitary  facilities.  The  nm  on  which  it  is  located  heads  in » 
si)ring  which  is  in  common  use  as  a  water  supply,  though  the  inhabi- 
tants have  to  go  to  it  for  water.  In  the  summer  of  1904  there  was 
a  typhoid  epidemic  which  some  persons  attributed  to  the  use  rf 
the  spring  water.  At  that  time  there  was  a  general  cleaning  out 
of  the  pri\^  vaults  and  hog  pens  that  line  the  run,  and  now  very  few 
of  the  hog  pens  directly  overhang  it,  though  it  undoubtedly  receives 
much  fecal  matter  of  both  man  and  animals.  While  the  amount  must 
be  small  in  proportion  to  pollution  from  other  sources,  it  is  perhaps 
important  because  Sharpsburg  is  but  60  miles  above  Washington, 
where  the  Potomac  is  used  as  a  public  water  supply,  and  pollutioD 
from  Sharpsburg  would  probal)ly  roach  Washington  in  a  day  ortvo. 

POTOMAC  RIVER  FROM  AlfTIETAM  CREEK  TO  SHENANDOAH  RTVER. 

Klk  Branch,  wliich  enters  the  Potomac  a  little  above  Harpers  Ferry, 
receives  the  sc^wage  of  Shenandoah  Junction,  W.  Va.,  where  aconsUpr* 
able  number  of  travelers  fuid  victuals  and  temporary  lodgintj.  Ten 
miles  ])elow  themoutli  of  Antietam  Creek,  at  Harpers  Ferry,  the  Poto- 
mac is  joined  by  the  Shenandoah.  The  town  is  situated  on  the  ton^f 
of  land  between  the  rivers  and  is  unsewered,  so  that  various  waysai* 
adopted  to  get  the  soil  into  the  Potomac,  where  practically  alUli^ 
n^fuse  of  the  town  goes.  The  Baltimore  and  Ohio  station  is  ri»rl»l*^^ 
the  river,  into  which  its  water-closets  conveniently  discharge  heneatn 
the  railroad  bridge.  The  subject  of  the  sanitation  of  the  railro^ 
in  the  Potomac  basin  is  not  an  unimportant  one,  for  besides  thesU* 
tions,  which  are,  of  course,  fixed  and  can  always  be  carefully  provide 
for,  there  an*  1,200  miles  of  track  over  which  pass  every  day  many 
hundreds  of  people  from  all  parts  of  the  Union,  many  of  them  fn>i'' 
cities  and  towns  in  which  typhoid  fever  is  cimimon.  The  usu^ 
method  of  caring  for  the  excreta  of  these  travelers  is  to  let  it  dn^P 
along  the  tracks.  It  has  generally  been  assumed  that  this  Ls  the^ 
way  of  handling  this  material,  but  it  seems  a  fair  question  wh^n^'f 
it  is  or  not.  UndoubtcHlly  the  method  was  originally  adopted  hecaii-'* 
of  its  simplicity,  and  it  \\as  Yece\\ed  ^^v>\\^yw,1  vicceptance  without  niucb 
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lought  as  to  its  possibilities  for  spreading  infection.  Perhaps  in 
le  future  this  problem  will  receive  more  careful  attention  and  some 
;her  means  of  disposing  of  the  feces,  such  as  collecting  them  and 
aving  them  at  definite  points  for  disposal,  may  be  adopted. 
One  of  the  hotels  in  Harpers  Ferry  has  its  fixtures  connected  to  a 
•sspool,  the  overflow  of  which  is  piped  to  the  river.  Another  is  con- 
*cted  by  a  sewer  to  the  old  arsenal  yard,  where  abandoned  raceways 
induct  the  sewage  to  the  river.  It  is  said  that  not  a  few  private 
)uses  dispose  of  their  sewage  in  the  same  way.  Privies  are  common 
.  Harpers  Ferry,  and  the  vault  matter  is  disposed  of  as  suits  the 
ftTiers;  it  is  believed  that  some  of  them  throw  the  soil  into  the  rivers, 
here  is  no  public  water  supply,  the  people  for  the  most  part  relying 
tt  cisterns,  though  a  few^  take  water  from  the  brewery,  which  brings 
s  water  from  springs  in  the  Blue  Ridge  Mountains  across  the  bed  of 
le  Shenandoah.  The  Hill  Top  Hotel  pumps  some  of  its  water  from 
'otomac  River.  The  only  industrial  wastes  in  Harpers  Ferry  are 
hose  of  the  brewery  and  two  pulp  mills,  one  of  which  is  on  the  Poto- 
lac  and  the  other  on  the  Shenandoah.  Both  mills  manufacture 
aechanical  wood  pulp,  in  which  process  the  logs  are  freed  from  their 
»ark  before  being  ground  (PI.  VIII,  5,  p.  222).  The  shavings  were 
ormerly  disposed  of  by  being  put  into  the  rivers,  and  at  the  time  of 
he  inspection  evidences  of  this  pollution  were  ver}^  manifest.  Since 
hat  time  both  mills  have  installed  apparatus  for  burning  the  shavings 
.nd  the  nuisance  is  abated.  The  brewery  dLscharges  the  washings 
rom  its  beer  kegs  into  the  Shenandoah. 

POLLUTION   IN    SHENANDOAH    RIVER    BASIN. 

Shenandoah  River  is  formed  at  Riverton,  Va.,  by  the  confluence 
•f  North  and  South  forks.  South  Fork  in  turn  is  formed  at  Port 
iepublic  by  the  junction  of  North  and  South  rivers. 

SOUTH    FORK    OF    SHENANDOAH    RIVER    BASIN. 
80TTTH  RIVEB.a 

South  River  rises  west  of  Greenville,  Augusta  County,  W.  Va.,  and 
lows  eastward  past  Basic  City  and  Waynesboro,  towns  on  opposite 
)anksof  the  river,  forming  a  considerable  center  of  population.  Here 
ihestreamreceives  its  initial  industrial  pollution.  Basic  City  has  a  small 
danket  factory  and  a  factory  for  the  manufacture  of  tanning  extract 
Tom  chestnut-oak  wood.  The  pollution  furnished  by  the  former  ccm- 
»ists  of  rinse  water  from  the  finished  goods,  and  from  the  latter,  at 
he  present  time,  such  amounts  of  extract  as  are  absorbed  by  the 
ondenser  water.  Wlien  the  plant  was  new  the  leaching  vats  leaked 
nd  caused  much  complaint  because  the  extract  stained  the  river 

•Th*"  results  of  nieasun»m<'nts  of  South  River  at   Bh'I'Ic  City  ami  Port  Republic  an- given  on  pp. 
IRK  192—07-      \(\ 
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badly.  Several  factories  have  located  at  different  times  in  BasicCity, 
but  their  existence  has  been  short.  A  large  summer  hotel  annually 
attracts  many  visitors.  The  city  is  supplied  with  water  from  a  spring 
close  to  the  river.  There  is  no  sew  erage  system,  but  one  of  the  hotels 
has  a  private  sew^er  which  discharges  into  a  run  that  enters  North 
River  below  the  waterworks. 

Waynesboro  is  supplied  with  water  from  Bakers  Spring,  which  is 
owned  by  private  parties,  and  for  the  use  of  which  the  town  pays  a 
small  sum  every  year.  The  mains  and  service  pipes,  together  ^ith 
a  storage  tank  of  50,000  gallons  capacity,  are  owned  by  the  town, 
and  were  installed  in  1897  at  a  cost  of  $10,000.  The  introduction  of 
this  supply  reduced  the  typhoid  rate  and  has  led  to  the  general  aban- 
donment of  wells.  A  stove  factory  is  the  largest  industrial  plant  in 
Waynesboro.  It  has  no  liquid  wastes,  but  the  sewage  from  its  lOO 
employees  is  discharged  into  a  race  which  enters  the  river.  Bruns- 
wick Inn  is  also  reported  as  sewering  into  the  river,  and  it  is  said  that 
the  material  from  the  many  privies  in  toA\Ti  is  thrown  into  it.  The 
slaughterhouses  in  both  Waynesboro  and  Basic  City  dispose  of  their 
offal  in  the  stream. 

From  Basic  City  South  River  flows  in  a  northerly  direction.  At 
Crimora  a  small  run  enters,  which  is  very  turbid  owing  to  the  wash- 
ing of  manganese  ore  by  the  Crimora  Manganese  Company  near  its 
head.  This  concern  employs  100  men,  who  are  established  in  small 
huts  scattered  over  the  watershed  of  the  run.  A  long  tunnel  is  being 
(lriv(Mi  in  the  mines  which  will  drain  them  more  thoroughly  and 
(l(»livor  the  water  on  lands  of  the  company  instead  of  to  the  run.  It 
is  proposed  to  construct  settling  basins  to  clarif}^  the  water,  which 
will  then  he  led,  in  some  way  not  determined,  to  the  river. 

NORTH  RFTER.i 

North  River  rises  in  the  wShenandoah  Mountains  in  the  northwe?l 
corner  of  Augusta  County,  on  the  slopes  of  Briery  Branch  Knob. 
The  upper  part  of  its  watershed  is  given  over  to  lumbering,  and  at 
Stokesville,  just  east  of  Narrow  Back  Mountain,  are  located  a  saw- 
mill and  a  tanning-c^xtract  factory.  The  latter  is  still  uncompleted 
and  unless  unusual  precautions  are  taken  when  the  plant  is  started, 
the  leaking  vats  may  discolor  the  river.  In  the  summer  of  1905  this 
town  was  the  seat  of  an  outbreak  of  typhoid  fever.  The  first  case, 
which  was  probably  imported,  was  in  a  family  whose  s{)ring  was  in 
conunon  use  in  the  town.  About  two  weeks  afterwards  two  other 
users  of  the  waters  of  this  spring  were  taken  sick.  One  of  them  was 
removed  to  the  west  end  of  the  town,  where  he  remained  for  a  fe^ 
days,  after  which  he  was  taken  to  lIarrisonl)urg.  In  this  interval  he 
a[)par(»ntly  infected    a   ])rivy  which  was   used    by  several   families- 

o  Thi'  rosults  of  stream  measurcmeuls  UWXv^i  ^oi\\i  Rvvor  basin  are  given  on  pp.  98-108. 
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ited  directly  opposite  the  house  where  he  was  coniuied.  Later, 
loid  germs  from  this  source  must  have  been  disseminated  in  the 
hborhood  by  flies,  for  4  cases  appeared  close  by  and  they  were 
only  ones  in  the  whole  town  among  those  who  did  not  use  the 
ig  w^ater.  Other  cases,  13  in  number,  occurred  among  the  users 
le  spring  and  people  who  lived  along  the  run  which  rises  in  it, 
who  either  had  access  to  the  spring  itself  or  used  the  water  of 
run  for  one  purpose  or  another  in  their  homes.  This  epidemic 
trates  very  well  how  typhoid  fever  originates  and  spreads  in  the 
[1  of  the  Potomac.  As  a  rule,  the  outbreaks  occur  in  small  towns 
re  there  are  no  facilities  for  disposing  of  ordure  and  where  the 
:ed  water  supply  is  in  general  use  and  is  derived  from  some 
ce  surrounded  by  dwellings.  Sanitary  precautions,  tlirough  the 
rance  of  the  people,  are  entirely  neglected  and  twelve  months  in 
year  conditions  are  ripe  for  an  outbreak  of  typhoid.  All  that 
;eded  is  to  have  the  initial  case  imported.  Once  that  is  accom- 
led,  the  disease  spreads  rapidly.  In  many  towns  where  repeated 
ireaks  have  occurred,  the  disease  may  be  said  to  have  established 
F  permanently,  a  case  or  two  being  present  all  the  time.  This  can 
eadily  understood,  for  the  stools  are  not  sterilized,  and  it  needs 

a  transportation  of  privy  matter  or  some  other  infectious  mate- 
to  start  fresh  cases, 
le  next  town  below  Stokesville  is  Bridgewater,  which  also  has 

subject  to  outbreaks  of  typhoid  fever.  There  is  no  public  water 
•ly,  the  people  being  dependent  on  cisterns  and  wells.  On  the 
•  somewhat  west  of  the  to^\^l  is  a  woolen  factory  where  blankets 
nade.  It  is  nm  only  part  of  the  year  and  the  wastes,  consisting 
small  quantity  of  wool  scourings,  spent  dyes,  and  rinse  from  the 
led  goods,  are  emptied  directly  into  North  River, 
^low  Bridgewater  is  Mount  Crawford,  located  on  North  Iliver 
jwhat  to  the  west  of  Cooks  Creek.**  Typhoid  has  been  prevalent 
,  which  may  perhaps  be  partly  accounted  for  by  the  fact  that 
citizens  have  cut  and  used  ice  from  Cooks  Creek,  a  stream  receiv- 
he  sewage  of  Harrisonburg. 

arrisonburg  is  about  8  miles  northeast  of  Mount  Crawford.  It 
le  of  the  largest  cities  in  the  valley  and  seems  to  l^e  growing 
lily.  It  has  a  public  water  supply  derived  from  Dry  River,  13 
3  farther  w^st.  It  is  said  that  since  the  supply  was  introduced 
loid,  which  was  formerly  xory  common,  has  been  nialerially  re- 
d.  The  sewerage  system  is  a  combined  one  and  is  available  in 
ly  all  parts  of  the  city.  The  flow,  which  is  estimated  at  250,000 
•ns  in  twenty -four  hours,  is  discharged  a  (juarter  of  a  mile  south 
le  city  into  Blacks  Run,  a  tributary  of  Cooks  Creek.  This  sew- 
is  augmented  by  the  waste  from  the  plant  of  the  J.  P.  Ilouek 

«Thr  results  of  rneHsun'mcnts  of  ('(u)ks  ("rork  at  Mount  CniNvlotd  utv  ^\v\\  o\\  v^^.\''^  WNV. 
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Tanning  Company,  estimated  at  2,500  gallons  a  day.  The  waste 
from  the  lime  vats  is  sedimented  and  the  liquor  run  into  tlie  sewer, 
as  is  the  waste  sour  bark  liquor.  The  liquor  from  the  scouring 
machines  and  a  waste  made  up  of  various  small  leakages  that  occur 
in  various  parts  of  the  tannery  are  turned  directly  into  the  run. 
Together  they  make  the  water  very  foul,  especially  in  summer,  when 
the  city  authorities  have  occasionally  been  obliged  to  flush  out  the 
stream  on  account  of  the  bad  odors  arising  from  it.  Whenever 
observed,  the  run  has  appeared  to  be  taxed  to  its  utmost,  and  it  is 
reported  that  in  summer  the  waste  from  the  tannery  has  decidedly 
discolored  North  River  as  far  as  Moimt  Crawford  railroad  station. 
No  other  factories  in  Harrisonbxu^  have  liquid  wastes. 

Four  miles  above  Port  Republic  North  River  receives  Middle 
River,  which  rises  in  Little  North  Mountain  southwest  of  Staunton. 
Middle  River  flows  northeastward  to  Long  Glade,  then  southeast- 
ward to  Laurel  Hill,  where  Lewis  Creek  enters.®  This  creek  is 
heavily  polluted  by  the  sewage  of  Staunton,  an  energetic,  prosperous 
city  estimated  to  have  12,000  buildings,  50  per  cent  of  which  are 
connected  with  the  sewer.  There  are  no  manufacturing  plants 
having  liquid  wastes;  therefore  the  sewage  is  almost  entirely  do- 
mestic. The  system,  which  is  a  combined  one,  was  established 
twenty-five  years  ago  and  has  grown  slowly  and  irregularly  ever 
since.  The  first  water  supply  was  introduced  in  1849  and  is  still  in 
use,  ])ut  the  main  supply  was  put  into  service  in  1876,  at  a  cost  of 
SI 00. 000,  and  conies  from  springs  on  the  bank  of  a  stream  one-half 
mile  west  of  the  city.  The  wells  of  the  city  are  badly  polluted  and 
most  of  tliein  have  been  closed  \ip  by  the  local  authorities.  The 
typhoid  rate  of  the  city  is  very  low,  only  one  death  being  recorded 
in  1<>04. 

The  water  supply  of  Staunton  was  at  one  time  unpleasantly 
affected  by  fresh-water  sponge  which  grew  in  one  of  the  resen'olR. 
The  trou])le  was  investigated  by  Prof.  J.  W.  Mallet,  whose  report  is 
on  file  with  the  city  authorities.  The  sponge  was  killed  and  the 
trouble  completely  overcome  by  fluctuations  of  the  water  level. 

SOUTH  FORE  OF  SHENANDOAH  BITER  BELOW  PORT  REPUBLIC. 

Below  Port  Kepul)lic.  South  Fork  of  Shenandoah  River  flows  north- 
eastward tiu-ouixh  the  Page  Valley,  being  separated  by  Massanutt^n 
Mountain  from  North  Fork,  which  joins  it  at  Riverton. 

Keezletown  is  located  on  the  west  side  of  the  mountain,  but  db- 
charLTtN  its  n^fuse  into  South  Fork  through  Cub  Run.  It  Ls  a  small 
town,  hut  the  run  receives  some  pollution  there  from  the  tanner}' ^^1 
A.  1).  Bertram,  which  has  a  capacity  of  700  hides  a  year. 

a  Th»'  n?.siiils  of  in"asiin':n»'rit<!  of  Ixnvis  Cnvk  near  Stnunton  an*  given  on  pp.  lOl-UKJ, 
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little  below  the  mouth  of  Cub  Run  South  Fork  receives  Stony 
which  rises  on  the  east  side  of  the  mountain  and  flows  through 
iheysville,  where  it  is  contaminated  by  a  tannery  having  a 
jity  of  about  a  hide  a  day. 

Elkton  South  Fork  is  much  befouled  by  the  waters  of  Elk  Run, 
1  rises  in  the  Blue  Ridge  Mountains  and  flows  westward  to  the 
.^  Elkton  has  a  public  water  supply  which  is  furnished  from 
gs  by  the  Wampole  Lithia  Company.  There  is  no  sewerage;  the 
)itants  depend  entirely  on  outhouses,  the  soil  of  which  is  said  to 
rown  into  Elk  Run  when  they  are  cleaned.  One  of  the  hotels  has 
Qch  for  its  urinal  and  slops  which  leads  directly  to  the  run.  The 
m  also  receives  pollution  from  the  tannery  of  J.  R.  Cover  &  Sons. 
plant  employs  25  hands,  and  has  a  privy  directly  overhanging  a 

that  leads  to  the  run.  Through  this  ditch  are  discharged  the 
Bs,  which  amount  to  1,500  gallons  a  day.  Inspection  makes  it 
!  evident  that  this  amount  is  too  large  for  the  little  run  to  carry 
romptly  and  easily.  Indeed,  the  effect  of  the  pollution  on  the 
itself  must  be  considerable.  In  the  summer  a  hotel  is  opened 
kton  which  is  said  to  accommodate  many  guests.  While  such 
s  add  to  the  wealth  of  the  towns  that  are  fortunate  enough  to 
iss  them,  they  contain  an  element  of  danger,  for  their  patrons 

from  many  different  places  and  may  carry  in  their  persons 
s  of  disease  contracted  in  their  homes.  In  due  time  these 
"timates  sicken  and  then  the  infection  elaborated  by  them  is 
''  to  lay  hold  of  the  community  they  are  visiting  and  make  it  a 
T  from  which  contagion  spreads. 

low  Elkton  is  Shenandoah,  a  prosperous  town  which  can  pollute 
iver  but  indirectly.  Thirty  miles  below  is  the  mouth  of  Ilawks- 
)reek,  on  which  is  located,  in  Page  county,  the  town  of  Luray.*' 
creek  divides  the  town  into  very  nearly  equal  portions  which 
somewhat  abruptly  from  it;  consequently  the  run-off  through 
own  is  quick  and  carriers  with  it  considerable  refuse.  A  water 
ly  was  installed  in  1900.  Typhoid  fever  is  said  to  have  l)een  prev- 
prior  to  its  introduction,  but  such  is  not  now  the  case.     There 

regular  sewerage  system  in  town,  and  cesspools  are  connnonly 
As  a  rule  they  do  not  need  cleaning,  because  they  leak  away 
igh  the  underlying  limestone.  A  number  of  water-closets  and 
)f  the  hotels  discharge  directly  into  Hawksbill  Creek.  At  one 
there  was  some  agitation  against  permitting  them  to  do  so,  but 
'A  out,  and  now  the  suggestion  has  been  made  that  the  town 
lish  a  sewerage  system  and  utilize  the  creek  for  an  outlet. 
Y  has  usually  a  large  transient  population,  attracted  thither  by 

a  Keaults  of  nieHsumnents  of  Elk  Hiin  at  Elkton  arr?  givon  on  pp.  110-112. 

ft  KcsultR  of  mcas^urements  of  Hawksbill  t'reok  at  Luray  am  giv«Mi  on  pi».  112-1  irj. 
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the  wonderful  caverns.     Thus  the  town  is  considerably  exposed  to 
the  danger  of  infection  being  imported   from  outside.     The  chief  pol- 
lution of  Ilawksbill  Creek  is  by  the  Luray  tannery,  owned  by  the 
Deford  Company,  of  Baltimore.     This  plant  employs  170  hands,  and 
the  waste  poured  into  the  creek  amounts  to  10,000  gallons  a  day 
The  waste  from  the  beam  house  and  the  scouring  liquor  are  run  into 
two  cesspools,  w  here  they  are  allowed  to  evaporate.     The  residue  is 
used  for  a  fertilizer, on  a  farm  owTied  by  the  company.     The  volume  of 
sour  bark  liquor,  which  with  the  soil  of  six  w^ater-closets  is  carried  in 
a  long  trench  to  the  creek,  is  so  large  in  proportion  to  that  of  the 
stream  that  the  latter  is  colored  a  deep  red  and  maintains  the  hue  to  its 
mouth,  5  miles  below  the  factory.     An  acetylene-gas  company  in  the 
center  of  the  town  piles  its  lime  sludge  on  the  banks  of  the  Creek. 

NORTH   FORK   OF   SHENANDOAH   RIVER   BASIN. 

North  Fork  of  the  Shenandoah  rises  in  the  northern  part  of  Rocking- 
ham County  and  flows  southeastw^ard  to  Broadway,  where  it  tunis 
to  the  nortlieast.     North  Fork  is  not  much  polluted  until  it  reaches 
New  Market,  where,  on  a  tributary  of  Smiths  Creek,  there  is  a  small 
tannery  owned  by  F.  M.  Tusing.     The  next  town  below  is  Mount  Jack- 
son,  w  hich  is  on  Mill  Creek  a  little  way  from  its  mouth.     It  has  neither 
public  water  supply  nor  sewerage,  the  people  relying  almost  wholly 
on  cistern  water,  as  there  are  but  a  few  wells  in  town.     The  pollution 
here  is  inconsiderable  nnd  very  indirect.     From  Edinburg  to  Stras- 
l)urg  the  cours(»  of  North  Fork  is  docidedly  meandering.     At  Toni<^ 
brook  a  creamery  polhites  Nortli  Fork.     At  Woodstock  a  creamerr 
polhites  Hollow  Run,  but  the  rest  of  tlio  refuse  of  the  town  is  insig- 
nificant.    There  is  no  |)u])lic  water  supply  nor  sewerage,  and  the* 
river  receives  only  a  little  very  indirect  pollution  from  the  town. 

Strasburg  is  the  largest  town  in  the  valley  of  North  Fork  of  the* 
Shenandoah.  It  is  traversed  by  IIupp  Spring  Run,  and  this  strean'*' 
carries  off  most  of  the  waste  from  the  town,  and  is  also  polluted  hy  th^ 
sludge  from  a  small  acetylene-gas  plant  and  by  the  effluent  froii"* 
().  F.  Chandler's  tannery,  which  has  a  capacity  of  about  a  hide  a  dar- 
At  the  time  of  inspection  Strasburg  was  de])ending  on  springs  an<:J 
wells,  but  as  the  well  water  is  very  liard  a  public  water  supply  wa* 
being  installed  which  it  was  expect(Ml  to  follow  up  wath  a  sewerage  i 
system. 

The  only  otiier  town  to  be  noticed  in  the  discussion  of  North  Fork 
is  Middletown,  a  place  without  water  supply  and  sewerage,  located 
on  Marsh  Run,  a  tributary  of  Cedar  Creek,  which  flows  into  North 
Fork  below  Strasl)urg.  The  pollution  from  Middletowm  is  only 
slight  and  very  indirect. 


STREAM    POLLUTION  :    SHENANDOAH    RIVER.  241 

RHENANDOAH    RIVER    BASIN    BELOW    NORTH    AND    SOUTH    FORKS. 

Riverton  lies  between  North  and  South  forks  of  Shenandoah  River 
id  pollutes  the  rivers  but  little,  as  it  is  a  small  place,  with  most  of 
le  houses  some  distance  from  the  two  streams.  The  to^Ti  pur- 
lases  its  water  from  Front  Royal,  and  therefore  enjoys  the  same 
nmunity  from  typhoid  as  that  town.  There  is  a  large  duck  farm 
rhich  drains  into  the  North  Fork  of  the  Shenandoah.  No  other  pol- 
ation  here  is  worthy  of  note. 

A  short  distance  below  Riverton,  Shenandoah  River  receives  the 
Irainage  of  Front  Royal,  which  is  on  Happy  Creek,  3  miles  from  its 
nouth.  Most  of  the  pollution  of  the  creek  by  the  towTi  is  indirect, 
'or  there  are  few  water-closets,  most  of  the  people  using  outhouses, 
hough  some  of  the  privies  are  dangerously  near  the  streanL  One 
)f  the  hotels  has  a  cesspool  from  which  the  overflow  is  carried  in  a 
)rivate  sewer  toward  the  creek.  The  town  is  a  clean  one,  and  ls  free 
n)m  typhoid  fever.  The  chief  source  of  pollution  on  the  creek  is  a 
laughter  bam.  The  offal  is  fed  to  swine  kept  in  a  yard  that  reaches 
lown  to  the  creek  in  order  that  the  animals  may  drink  there.  When 
observed,  no  slaughtering  was  being  done,  but  that  considerable 
►ffal  and  blood  goes  into  the  creek  when  killing  is  in  progiess  seems 
o  be  the  general  opinion.  Formerly  there  used  to  be  many  cases 
•f  typhoid  fever  in  Front  Royal  every  year,  but  this  stopped  twelve 
ears  ago,  when  a  public  water  supply  was  introduced  from  Chester 
'ap,  4  miles  to  the  southeast.  The  source  of  supply  is  from  springs 
'^hoseflow  is  collected  in  a  reservoir  of  1,500,000  gallons  capacity  and 
an  by  gravity  into  the  town.     The  cost  of  the  works  was  $40,000. 

Twenty-four  miles  below  Riverton  is  the  mouth  of  Lewis  Run, 
hich  drains  the  town  of  Berryville,  the  county  seat  of  Clarke 
^Unty.  There  is  no  manufacturing  in  Berryville,  but  the  run  is  pol- 
led by  hogpens  and  privies  which  are  near  it.  Moreover,  many  of 
^  houses  have  sewers  for  their  slops  wliich  empty  into  the  run.  The 
Mm  has  a  public  water  supply  which  is  said  to  be  excellent.  Pre- 
Ous  to  its  introduction,  typhoid  wa«  rampant  in  the  town  and  now 
is  of  rare  occurrence. 

Fifteen  miles  below  Berryville  Evitt  Run  enters  the  wShenandoah. 
lis  is  a  rather  attractive  stream  of  clear  water,  which  does  not 
ow  ocular  evidence  of  pollution,  though  it  carries  the  indirect  pol- 
tion  of  Charles  Town,  the  county  seat  of  Jefferson  County.  Tliis 
ty  has  no  sewerage  S3^stem  and  has  not  been  compelled  to  construct 
le  because  of  the  fact  that  if  there  are  not  seams  enou<rli  in  the  lime- 
one  to  carry  away  the  leakage  of  the  numerous  cesspools,  the  explo- 
)n  of  a  dynamite  cartridge  in  the  rock  at  the  bottom  of  the  cessj)ooI 
sufficient  to  insure  its  caring  for  itself.     The  water  supply  of  the 


242  THE   POTOMAC   RIVER   BASIN. 

town  was  originally  obtained  from  several  town  pumps,  all  but  two 
of  which  have  been  given  up  because  the  above-mentioned  method 
of  caring  for  sewage  has  allowed  cesspool  matter  to  enter  the  wells. 

The  present  water  supply  is  sufficient  and  satisfactory.  It  is  fur- 
nished by  the  Charles  Town  Water  and  Manufacturing  Company, 
which  brings  it  from  a  spring  1  mile  west  of  town. 

Between  Evitt  Run  and  Harpers  Ferry  Flowing  Run  enters  the 
river.  This  stream  is  contaminated  by  the  paper  box  board  factory 
of  Eister  &  Sons  at  Hall  town,  W,  Va.  The  firm  makes  box  board 
from  old  paper,  and  the  effluent,  consisting  of  dirty  water  with  much 
paper  and  fiber  in  suspension,  is  turned  directly  into  the  run  and 
muddies  it.  Additional  pollution  is  furnished  by  the  privies  of  the 
concern,  which  overhang  the  stream  for  the  convenience  of  its  35 
employees. 

POLLUTION  IN  POTOMAC  RIVER  BASIN  BELOW  SHENANDOAH 

RIVER. 

POTOMAO  BIVER  FEOM  BHEKAITOOAH  RIVEB  TO  MOKOOACT  RIVEK. 

At  Harpers  Ferry  the  Potomac  cuts  through  the  Blue  Ridge  Moun- 
tains between  Loudoun  Heights  on  the  south  and  Maryland  Heighto 
on  the  north,  and  enters  the  upper  Coastal  Plain  region.  Along  the 
northern  bank  there  is  a  scattered  population,  most  of  whom  are 
densely  ignorant  of  sanitary  laws.  The  privy  vaults  and  hogpens 
are  near  the  liouses  excej)t  where  there  is  a  little  stream,  in  wliich 
case  tlie  structures  are  located  over  it,  and  thus  the  ofTal  is  carried  to 
the  river.  At  Weverton  and  Knoxville,  Md.,  this  population  is  some- 
what concentrated,  and  at  Knoxville  the  privies  and  hogpens  which 
overhanj^  tlie  creek  that  passes  through  the  town  are  more  nimierous 
than  is  usual  in  this  region.  Tlie  migratory  character  of  the  popu- 
lation in  these  towns  and  the  accompanying  crude  sanitary-  conditions 
constitute  a  decided  menace  to  the  river.  During  the  summer  of  1905  ] 
tyj)hoid  fever  prevailed  in  these  settlements,  and  probably  if  records  ] 
could  be  obtained  for  the  past  dozen  years  it  would  be  found  that  it  : 
had  done  so  every  year.  They  are  not  more  than  35  miles  from 
Wasliington,  and  should  be  subjected  to  rigid  sanitary  supervision. 

Below  Knoxville  is  Brunswick,  Md.,  a  town  wliich  has  sprung  into  , 
existence  on  account  of  the  location  of  the  Baltimore  and  Ohio  Rail-  ; 
road  shops  there.  Tliese  shops  employ  400  men,  and  while  there  are 
no  li({ui(l  wastes  the  sewage  of  the  employees  furnishe-s  the  Potomac 
with  considerable  indirect  pollution.  The  privy  w^hich  is  used  by 
the  roundhouse  force  is  located  close  to  the  canal  and  is  nearly  sur- 
rounded by  a  green  ])ool  caused  by  seepage  from  it;  about  100  yards 
distant  is  another  privy  in  a  large  cinder  bed.  The  town  is  on  a  high, 
steep  hill  and  is  crossed  l)v  four  did'crent  runs  along  which  are  a 
number  of  privies,  some  of  them  actually  overhanging  the  streams. 
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nd  Culvert  Run  furnishes  the  most  important  polhition,  for  into 
discharged  the  sewage  of  the  railroad  bunk  house,  which  is  fitted 
I  water-closets,  bath  tubs,  and  urinals.  This  sewage  is  created 
1  roving  population,  and  consequently  by  one  more  exposed  to 
ase  than  a  settled  one  would  be,  and  the  excrement  is  correspond- 
y  more  dangerous.  It  is  expected  that  a  large  Y.  M.  C.  A.  build- 
will  be  erected  alongside  the  bunk-house,  and  that  too  will  dis- 
•ge  into  the  run.  There  are  a  few  water-closets  in  the  town,  some 
rhich  are  connected  to  the  runs,  but  in  general  privies  are  used, 
wat^r  the  town  is  dependent  on  wells  and  cisterns,  though  at 
east  end  of  towTi  there  is  a  private  supply  which  comes  from  the 
omac.  The  peculiar  topography  and  population  of  Brunswick 
ze  it  verj'  necessary  that  sanitary  matters  be  thoroughly  looked 
r  there.  The  fact  that  it  is  on  the  steep  sides  of  a  high  hill  insures 
the  offal  finding  its  way  promptly  to  the  river,  and  the  shifting 
ulation,  however  well  intentioned  it  may  be,  is  more  or  less  likely 
bring  disease  into  the  community  from  without.  Finally,  the 
n  is  near  Washington,  and  therefore  typhoid  germs  will  be  trans- 
ted  by  the  Potomac  to  that  city  in  a  short  time.  In  the  summer 
905,  at  the  time  the  inspection  was  made,  it  was  reported  that 
•e  were  five  cases  of  typhoid  fever  in  Brunswick,  but  what  precau- 
s  were  taken  to  sterilize  the  stools  and  otherwise  protect  the 
lie  were  not  ascertained. 

few  miles  below  Brunswick  the  Potomac  receives  Catoctin  Creek 
Virginia  and  Catoctin  Creek  of  Maryland,  after  which  it  cuts 
»ugh  Catoctin  Mountains  and  emerges  at  Point  of  Rocks,  in  the 
3r  Coastal  Plain  region.  Point  of  Rocks  and  Washington  June- 
form  a  single  settlement  skirting  the  Chesapeake  and  Ohio 
al.*  Like  the  other  places  below  Harpers  Ferry,  they  are  lacking 
sanitary  arrangements.  At  Washington  Junction  the  water- 
et  of  the  railroad  station  discharges  into  the  river.  From  Point 
locks  it  is  3  miles  to  the  mouth  of  Tuscarora  Creek,  on  which  at 
.mstown  there  is  a  small  cannery.  The  creek  is  also  polluted  at 
lbs. 

MONOCACY  RIVER  BASIN. 

wo  miles  east  of  South  Tuscarora  Creek  Monocacy  River  enters 
Potomac.  It  has  three  large  feeders  that  rise  in  Adams  County  — 
"sh,  Rock,  and  Middle  creeks.  Between  the  two  former,  on  the 
ershed  of  Rock  Creek,  is  the  borough  of  Gettysburg,  and  on 
die  Creek  is  the  town  of  Emmitsburg.  Gettysburg  derives  most 
bs  water  supply  from  Marsh  Creek,  southwest  of  tlie  town.  The 
ershed  above  the  intake  is  not  heavily  polluted,  though  at 
inightstown  tliere  is  a  tannery  with  a  capacity  of  100  liides  a 
k.     The  water  is  filtered  through  a  Warren  filter  that  was  installed 

a  Results  of  measun'meiitH  of  Pott>inae  liivrr  at  P(»int  <»f  Rooks  arc  v:;ivcvv  ou  p^-  ^"^^  l^^- 


244  THE   POTOMAC^   RIVEK   BASIN. 

twelve  years  ago.  Goagulent  is  used  only  when  the  creek  is  ver 
turbid.  This  supply  is  supplemented  and  mixed  with  water  obtainei 
from  two  driven  wells  on  Cemetery  Hill.  These  are  pumped  by  wine 
power  and  are  constantly  in  use.  The  borough  is  now  installing  i 
*  sewerage  system  for  soil  only  which  when  finished  will  have  7  mila 
of  pipe  line  and  it  is  expected  will  be  generally  utilized  by  the  citizens. 
The  sewage  will  be  treated  in  two  septic  tanks,  and  the  effluent  from 
them  will  be  filtered  through  brick  walls  and  then  run  into  RockCreah 
into  which  the  private  sewers  of  the  town  now  discharge.  It  is  to  be 
hoped  that  the  treatment  of  the  sewage  will  be  effective,  for  Gettys- 
burg is  almost  daily  visited  by  large  numbers  of  sight-seers.  Th« 
throng  of  pilgrims  is  variable,  sometimes  being  small  and  sometimei 
rising  to  10,000  in  a  single  day.  The  people  come  to  see  the  beautifot 
battlefield,  which  has  been  carefully  preserved  by  the  National  Got- 
emment.  As  the  park  is  a  permanent  one,  there  will  probably  never' 
be  any  diminution  in  the  number  of  visitors.  In  a  throng  of  thii 
kind  there  are  apt  to  be  many  who  seize  the  opportunity  for  a  jesti 
because  they  are  out  of  condition,  run  down,  or  sick,  and  think  thatt 
little  excursion  will  restore  them.  Among  such  pex^ple  there  ami 
likely  to  be  some  in  one  stage  or  another  of  typhoid  fever,  so  that  the 
transient  population  that  visits  Gettysburg  may  be  something  of  a 
menace  to  the  waters  of  the  Potomac;  hence  the  desirability  of  care- 
fully purifying  the  sewage  before  it  is  discharged  into  the  creek. 

Stevens  Run,  a  tributary  of  Rock  Creek,  is  polluted  by  the  efHuent 
of  a  gas  works.  The  waste  makes  the  run  ill  smelling  and  repulsive 
in  appearance.  Moreover,  it  is  said  to  injure  fish  life,  and  a  suit  has 
been  brought  by  the  Fish  Commission  against  the  company.  Culps 
Run,  another  tributary  of  Rock  Creek,  receives  the  sewage  and  efflu- 
ents from  W.  S.  Duttera's  tannery,  which  turns  out  50  hides  a  week, 
and  the  wastes  from  which  arc  similar  to  those  discharged  from  other 
tanneries. 

Enunitsburg,  on  Middle  Creek,  is  the"  site  of  Mount  St.  Man*'? 
Academy,  St.  Joseph's  Academy,  and  the  mother  house  in  the  United 
wStates  of  the  Sistei-sof  Charity.  The  population  of  the  town,  includ- 
ing the  sisterhood,  is  2,()()().  There  is  neither  public  water  supply  nor 
sewerage. 

On  Double  Pipe  Creek  is  Westminster,  a  large  town  without  public 
w^ater  supply  or  sewerage. 

From  the  junction  of  Marsh  and  Middle  creeks  to  the  mouth  of  Car- 
roll Creek  the  distance  is  25  miles.  Carroll  Creek  rises  in  CattKtin 
Mountain,  northwest  of  Freilerick,  Frederick  County,  Md.,  and  flows 
southeastward  through  the  southern  part  of  the  city  to  the  Monocacy. 
The  Frederick  water  supply  is  obtained  from  Big  Tuscarora  Creek? 
Little  Tuscarora  Creek,  and  Fisliing  Creek  and  is  said  to  be  whole- 
some, a  statement  that  is  ])orne  out  by  the  low  typhoid  rate  of  the  city. 
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kch  of  the  two  main  streets  has  a  single  drain,  which  was  put  in  pri- 
mly with  the  object  of  carrying  oflF  the  water  from  cellars  of  abut- 
ig  houses.  They  have  developed  into  sewers  from  which  soil  is 
:cluded,  but  which  take  in  slops  and  surface  water  and  discharge 
to  Carroll  Creek.  In  many  of  the  streets  of  the  city  the  slops  run 
trough  the  gutters  and  ultimately  reach  the  creek. 
The  indirect  industrial  pollution  of  Carroll  Creek  consists  of  an 
isignificant  amount  of  waste  from  a  cannery  and  from  the  scrubbers 
f  a  gas  house.  It  is  directly  contaminated  by  the  scouring  liquor 
om  the  Brierly  tannery,  together  with  some  lime  sludge  that  is  piled 
a  the  banks  of  the  creek;  by  the  effluent  from  a  steam  laundrj^,  by 
le  sewage  of  the  Carroll  County  almshouse,  and,  most  obviously,  by 
le  pollution  from  the  works  of  the  Union  Knitting  Company,  con- 
sting  of  the  sewage  of  200  employees  and  a  large  quantity  of  spent 
res. 

The  pollution  received  by  the  Monocacy  from  the  mouth  of  Carroll 
eek  to  the  Potomac  is,  for  the  most  part,  very  insignificant,  being 
Jy  that  incident  to  the  life  of  widely  separated  farms.  At  Fred- 
ick  Junction  the  closets  of  the  Baltimore  and  Ohio  Railroad  station 
ipty  into  the  river.  Buckeystown  is  the  most  considerable  settle- 
Bnt  below  Frederick  on  the  Monocacy.  It  is  drained  by  a  little  nm 
lich  receives  the  washings  of  a  cannery  and  a  small  creamery,  besides 
6  discharge  of  water-closets.  The  unvaulted  privies  of  a  large  brick 
)rks  in  the  town  are  about  20  feet  from  the  stream.  The  water  used 
Buckeystown  is  derived  from  cisterns. 

POTOMAC  RIVER  FROM  MONOOAOY  RIVER  TO  GREAT  FALLS. 

The  largest  and  most  important  tributary  of  the  Potomac  between 
le  mouth  of  the  Monocacy  and  Great  Falls  is  Goose  Creek.  It  has 
large  drainage  area,  which  is  on  the  south  side  of  the  river  and  lies 
At  of  th^  Blue  Ridge  Mountains.  The  watershed  is  given  over  to 
^iculture  and  contains  but  one  town  of  much  size.  Hence  the  prox- 
lity  of  the  basin  to  Washington  is  not  nearly  so  important  as  it 
ould  be  if  the  population  was  large  and  concentrated  at  a  few  points, 
he  development  of  this  drainage  area  will  be  watched  with  interest, 
•r  should  it  become  the  home  of  a  large  summer  population,  or  should 
:her  considerable  towns  spring  up  in  it,  the  creek  might  become  a 
'rious  menace  to  Wa.shington,  inasmuch  as  disease  germs  from  it 
>uld  be  transported  to  the  city  in  a  few  hours. 

Leesburg,  the  important  town  alkided  to,  is  on  Tuscarora  Creek,  a 
ibutary  of  Goose  Creek.  There  is  no  sewerage  system  in  tlie  town, 
it  800  feet  of  2-foot  terra-cot ta  drains,  which  are  suj)p()sed  to  carry 
rface  water  only,  discharge  into  Tuscarora  Creek.  Therefore  the 
dilution  caused  by  Leesburg  is  indirect  save  for  the  few  privies  that 
erhang  Tuscarora  Creek.  The  water  supply  of  tlie  town  is  inade- 
ate  and  was  suspected  at  one  time  of  being  contaminated,  for  in  the 
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summer  of  1904  there  was  considerable  typhoid  fever,  and  this  i 
the  citizens  to  bond  the  town  for  $30,000  to  enable  it  to  increase  its 
water  supply.  The  new  system  will  furnish  an  abundant  supply  and 
will  probably  result  in  the  construction  of  a  complete  sewerage  sys- 
tem, which  will  have  its  outlet  in  Goose  Creek. 

Eight  miles  above  Great  Falls  is  Seneca  Creek,  whose  watershed  is 
given  over  to  small  farming  and  which  does  not  contain  a  single 
important  center  of  population.  The  creek  would  not  be  worth  men- 
tioning here  did  not  its  proximity  to  Washington  make  it  possible  for 
disease  germs  originating  in  its  basin  to  be  transmitted  to  the  capital 
in  a  very  short  time. 

POPULATION  AND  DRAINAGE  AREAS. 

The  following  tables  show  the  population  and  the  drainage  areas  of 
the  smaller  basins  that  make  up  the  Potomac  watershed: 

Population  of  the  Potomac  River  basin. 
[According  to  the  census  of  1900.] 


Distance 

of  mouth 

above 

Great 

Falls. 

Popula- 
tion. 

NORTH  BRANCH  POTOMAC  RIVER  BA8IN. 

Savage  River 

MiUs. 
209 

1 

Swanton 

87 
87 

174 

Othor  towns. . . 

( Joon^jos  Crook 

207 

i:4 

Hart  on ... 

l,2»7 
5,274 
2.181 
I.SIK) 
1..500 
1,194 

13.'i3<i 

Frostbiirn 

I^onacoiiinj;. .                                  ... 

Midland 

( H'Oii  n  . .                                                              

Other  t(»\vns 

174 

Wills  Crook 

Hi 

Cuinl  orland 

17, 1-.:S 

Kokhart  .Minos 

l.iUiO 

Ilvndnian 

1.242 

Jonnin^is  Knn .                                                               .... 

.Mount  Saviip' 

2.000 

Valo  Summit ........ 

800 

Other  towns 

2  623 

Kstimatod  romainin^  population  on  Wills  Crook  and  trihu- 
tarirs. . . 

r>,0(X) 

l(i9 

31.493 

Kvit  ts  Crook 

CumborhuKl  \allov 

157 

Ilazon ... 

104 

Othor  towns 

142 

Kstimatod  romjunini^  j)()pnlation  on  Kvitts  Cnn^k  and  trilni-  , 
tarios. .    .                                                                                          1 

1  500  I 

im 

^1.903 

1 

]'a  ttcrson  Cr«'ok  . .  . 

Alaska 

IJV^ 

Burliniiton 

ZtP 

Modlov 

140 

Othor  towns .. ^ 

4S^ 

l.Ofo 

STREAM    POLLUTION  :    POPULATION. 
Population  of  the  Potomac  Hirer  basin — Continued. 
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Distance 

of  mouth 

above 

Great 

Falls. 

Afilfs. 
158 

Popula- 
tion. 

Estimated 

population 

per  square 

mile. 

RANCH  POTOMAC  RIVER  BASIN— Continued. 
')toiTiac  River 

540 

395 
496 
,581 
344 





2,536 
2.115 
1.998 
.'ilO 
1.434 

15.000 

2.->.940 

fmaining  poputlaion  on  the  North  Branch  and 
itaries 

• 

North  Branch  Potomac  basin 

73,820 

158 
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)tomac  River 

14 

119 
205 
246 
460 
312 
102 
580 
142 
1,431 

IS,  000 

.^ 

•.maining  population  on  South  Branch  and  tribu- 

21,597 

;  BASIN  BEU>W  NORTH  ANI»  SOUTH  BRANCHES. 

ind  Fiftcenmili.  crpclcs 

4 

147 
250 
100 
224 

11.070 

"* 

•maining  population  on  Town.  Fiftwnmilc,  and 
jeka 

1.V2 
122 

11,791 

tiver 

2,423 

11 

liver .... 

18 

126 
193 
66 
40 
55 
152 
l,a36 

10.800 

12,4r.8 

B 

lon 

J 

smaining  population  on  (J real  Taiapon   River 
iries 

112 

y  Creelc 

V) 

151 
113 
.V2<) 

1.  «■()() 

•2.:m 

•2.\)\l 

villaining  populution  on  (!rr»at  Tonolowiiy  Creek 
iries. 

1  tributaries 

107 

:'() 
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Populatton  of  the  Potcmcc  River  basin — Continued. 


POTOMAC  BASIN  BELOW  NORTH  AND  HOUTH  BRANCHES— COUfd. 

Licking  Creek 

McConnpllaburg 

Plumnin 

Sylvan 

Webster 

Other  towns 

Estimated  mna.ning  population  on  Licking  Creek  and  tribu- 
taries   • 


Distance 

of  mouth 

aboTe 

Great 

Falls. 


MiUs. 
105 


Popula- 
tion. 


Estinuted  1 
miW. 


Back  Creek 

Baxter 

Iledgesville 

Shanghai 

Other  towns...   

Estimated  remaining  population  on  Back  Creek  and  tribu- 
taries   


Conococheague  Cn'ck 

Ambersons  Valley 

Chambersburg..! 

Dryrun 

Fannetts 

Fort  Loudon 

G  reencaatle 

Merrersburg 

St.  Thomtus 

Williamsport 

Brownsville 

Favettoville 

Other  towns 

Kstimatotl   n'mninin^' 
and  trihutarios 


572 

no 

190 
122 

m 

<».200 


102 
342 
143 
923 

6,500 

8,010 


90 


ix.pill; 


tti«;n   on 


('on<H'(X'hoagiie  Creek 


312 
8.864  I 

230! 

314 

335 
1.463, 

956! 

410' 
1.472 
l,.'>52 

672 
3.987 

f>.  744 

27.. -ill 


Opequon  Creek. 
Hru(vt()v\n. 


Bunker  Hill 

DiirkosvilN* 

(lerrunlslown 

Jonlun  Spriiin< 

Keariicsvillo 

Martinsbiirj; 

Middlrhiir^ 

Winclx'ster . . 

White  I'ost 

Other  towns. . . 
Kstimatod  remaininj^  |»opiilati 
taries 


:t;-8 

•22S 


m  oil  ()[)oquoii  Cnvk  and  trihu- 


Antietani  Cnvk  — 

Antictam 

Benevohi 

Blue  Mountain. 
Booneshoro. . . . 
Breathodsvillo. . 

Ca  vet  own 

Chewsville 

Downsville 

Eaklos  Mills 

Fairplav 

Fiveforks 

Funkstown 

Tlajiorstown. . . . 

Keedysvillc 

Leitershurg. . 

Mont  Alto 

Pond'^ville 

Quinry 

iiinggoM 


7..'W>4 

4*ifi 
.'•).  161 

2.V) 
1.167 

K,8W 

24.<^7 


U-3 
103 
100 
700 
114 
2S7 
152 
1.52 
120 
114 
113 
,ViO 
13.. 591 
42li 
347 
<i.58 
100 
410 
114 
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RTH    AND  SOUTH    llRANillES -cont'd. 


Distance 

of  mouth 

above 

(ireat 

Falls. 


MUes. 


•ulatitinon  .VnlMtaint'nH^kand  tril> 


ill  Riv(  r. 


Estimated 
Popula-     population 
tlon.        per  square 
mile. 


186 
1,030 

462 
5,396 
1,201 

16.342 


203 

384 
425 
3,521 
225 
330 

1?2 
175 

284 

1,026 

6,542 

208 

239 
120 
300 
197 
124 
100 

•  * 

7,289 
936 


328 
381 
200 

:»i 

856 
1.749 

3,895 


lOS 
102 


127 
197 
143 
511 

Loa-i 

22,5 
1.147 

375 
1,220 

225 
1.^53 

<>,528  I 

205~l 


400 
512 
143 
17<i 
104 
\0n 
2.V) 
12.1 
100 
423 
153 
\5a 
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Population  of  the  Potomac  Pivtr  basin-  Continued. 


Distance 

""'above  *"  ■    ^'^P"^*-    ^'^'''' 


Falls. 


POTOMAC   BASIN  BELOW  NORTH  AND  SOUTH   BRAN<'H]fe8— <?ont*d.    !  ' 

Shenandoah  River  I  atiin— Coiitiniud.  i  | 

North  Fork  ol  Sh'iiandoah  Rivtr    ('(uitinu  d.  Miles.     ' 

Mount  .lackson 472  I 

New  Market ! I  684  , 

Riverton i  650 

Singers  Glen ; 1  108 

Strasburg I I  e9Q 

TimlwrvUle 1 173 

Toms  Brook ' 280 

Woodstock 1.069 

Other  towns 2,322  i 


9.092 


Shenandoah  Ulver  Imlow  confluent  of  North  and  South  forks.  i\t   

Berryvllle 938  I 

Bolivar 781  I 

Boyce i 275  | 

Charles  Town i  2,392  i 

llalltown I !  115 

Kabletown I '  106  I 

Millwood 400  , 

Stephens  City 490  I 

Summit  Point 217 

Other  towns ! 590  I 

6.304  1 


Estimated  remaining  population  in  Shenandoah  Uiv«T  busin 
Total  poptilallon  In  Shonantloah  Klvrr  ba.sin 


Ilf).l71 


4.,'iOO 

I 


Catoctin  Creek,  Mary  land ;  ;;s    | 

Bolivar ." | U2 

Burkittsvillo ..   229 

Harmony ..   '  I2ti 

.leJIorson ."On 

Middlotown fito 

Mvorsvillo l.V) 

IVttTsvillo 210 

Wolfsvllle nil 

Othor  towns ...    ml 

EsllniuU'd  nMiuiiiiiim  popiihitioii  (»n  Cat(X'tiii  Cnn^k,  Mary- 
land, and  tribiiti.r.rs " »i.(X>0  | 

S.282 


Caloctln  Creek.  Virpiiia Si    i 

Ilillsboro i;?l 

Othor  towns 721  , 

Estimated  n'maininj?  popiiljition  on  Catoofm  Cn-ok,  \'irginia,  j 

and  tributnrics -2,(0)  ! 

2.So2  I 


Monocacy  Kivcr 27    

Ra  mosvilh' 12.t  I 

Bon<'auvillf' l.*^^ 

Hnirovill*' ir 

Biickcystown O' 

Cash  town ^ 14«' 

Catoctin '  ln<) 

Crcaporstown l^ 

Donbli'  V\])o  Cnvk 100 

Kmniittsburg H49 

Fairfid'l :W\ 

Fountaimlalr 172 

Fn'diTick 9.29<; 

(Jcttysl.urg :i.-J9n 

(Jracchani ' 1*^'' 

llurncv 1^' 

.FohnsvilU' I'V 

Lowi^t  own I  -■^* 

LilKTtv  Town iW' 

Linu'kiln 1  ***  ' 
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Dlstance 

of  mouth 

above 

Great 

FaUs. 

PopuU- 
tion. 

1,118 
148 
140 
100 
360 
100 
430 
117 
146 
180 
115 
143 
666 
175 
663 
250 
309 
240 
219 
350 

3,199 
400 
176 

4,683 

55.000 

Estimated 

population 

per  square 

mile. 

BELOW   NORTH   ANU  SOUTH  BRANCHES— Cont'd. 

Conlinufd. 

MUet. 

VQ 

»y                      : 

• 

inalning  population  on  Monocacy  River  and  I 

1 

18 

\ 

86,661 

36 

147 
175 
150 
364 
1,513 
175 
250 
296 
168 
1-2 
247 
111 
351 
140 
104 
376 
838 

8.000 

13,577 

1 

1 

1 

1 

' 

naining  population  on  (loow  Cnvk  an<l  trlbu-  . 

1(> 

14 

203 
336 

550 

1.089 

848" 

nainlng  population  on  Broad  Run  and  tributa-  | 

' 

12 

38 

50 

\^ 

1-25 
l.T) 
547 
170 

4.riO() 

naining  popiiliition  oii  S^'iicca  ('n'<»k  and  tril«u- 

0.510    : 


-07- 
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Populatimi  of  the  Poloniac  River  basin — Continued. 


POTOMAC  BASIN  BELOW  NORTH  AND  80UTH  BRANCHED— Cont'd. 

Potomao  River  and  minor  tributaries  lx*low  North  and  South 

branchea 

Adamstown 

Berkeley  Springs 

Brunswick 

Clear  Spring 

Dameslown 

Great  Cacapon 

Hancock 

Harpers  Ferry 

Knoxvllle 

Magnolia 

Olotown 

Paw  Paw 

Point  of  Rocks 

Potomac 

Shenandoah  Junction 

Shepherdstown 

Sir  Johns  Run 

Weverton 

Other  towns 

Estimated  remaining  population  on  Potomac  River  and  minor 
tributaries  Ix^low  North  and  South  branches 


Distance 

of  mouth 

above 

Great 

Falls. 


Miles. 


Grand  total:  Estimated  population  on  Potomac  River  and 
tributaries  above  Great  Falls 


Eittimited 

Popula-     populilion 

tion.       per  sooin 


256 
781 

2,471 
474 
148 
131 
824 
896 
.%3 
153 
112 
603 
364 
127 
318 

1.184 
239 
136 

2,186 

15.800 


27.656 


Drainage  areas  of  Potomac  River  and  of  its  principal  tributaries  at  several  points  in  iht 

rinr  basin. 

NORTH    BRANCH    POTOMAC    RIVER    HASIX. 

Squar  mit.« 

North  Branch  Potomac  River  above  Hlooinington.  Md '^ 

Savage  River  at  mouth 120 

Georges  Creek  at  mout  h *^ 

North  Brandi  Potomac  River  at  Piedmont,  W.  Va..  includinn:  Savaj^'e  River 

and  Georges  Creek ^^ 

North  Branch  Potomac  Riv(  r  at   United  Stat(\<  Geological  Survey  gaging 

station  at  Piedmont ^l*^ 

New  Creek  at  Keyser.  W.  Va ^' 

Wills  Creek  at  mouth : -'^ 

North  Branch  Potomac  River  at  Cumherhind.  Md..  including  New  (reek 

and  Wills  Creek [ !^' 

Patt(Tson  Creek  below  Mill  Creek  at  Hurlin£jt(>n 1-^' 

Patterson  Creek  at  mout h ^ 

North  Branch  Potomac  River  at  junction  witli  South  Branch l*^ 

SOl'TH    BRANCH    POTOMAC    RIVER    BASIN. 

South  Branch  Potomac  River  at  Franklin,  W.  Va ^^ 

South  Branch  Potomac  River  at  junction  with  North  Fork  of  South  Branch.  ^ 

North  Fork  of  South  Branch  Potomac  River  below  Seneca  Creek ** 

North  Fork  of  South  Branch  Potomac  River  at  mouth ^ 

South  Branch  PotoYnac  River,  including  North  Fork  of  South  Branch ^ 

QUO 

South  Branch  Potomac  River  at  Moorefield.  W.  Va ^ 

Mm  Creek  at  mouth ^^ 
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Square  miles. 

.refield  River  at  St.  Seybert,  W.  Va 155 

irefield  River  at  mouth  at  Moorefield,  W.  Va 300 

th  Branch  Potomac  River  below  Moorefield,  including  Moorefield  River.  1, 200 

th  Branch  Potomac  River  at  Romney.  W.  Va 1, 410 

ith  Branch  Potomac  River  at  United  States  Geological  Survey  gaging 

tation  near  Springfield 1, 470 

ith  Branch  Potomac  River  at  mouth 1, 490 

OMAC  RIVER  BASIN   BETWEEN   SHENANDOAH   RIVER  AND  JUNCTION   OP   NORTH   AND 

SOUTH   BRANCHES. 

oinac  River  at  junction  of  North  and  Simth  branches 2, 850 

lie  Cacapon  River  at  mouth 115 

m  Creek 190 

eling  Creek 120 

omac  River  above  Great  Cacapon  River,  including  Little  Cacapon  River.  3, 390 

at  Cacapon  River  at  mouth 670 

th  River  at  mouth 205 

t  River  at  mouth 190 

apon  River  above  North  River 405 

omac  River  below  Great  Cacapon  River 4, 060 

omac  River  at  Hancock,  Md 4, 100 

Tn  Spring  Run  at  mouth 16 

;py  Creek  at  mouth 145 

ting  Creek  at  mouth 195 

k  Creek  at  mouth 290 

at  Tonoloway  Creek  at  mouth 125 

ococheague  Creek  at  mouth 580 

Jmac  River  at  Williamsport,  Md.,  including  Warm  Spring  Run,  Great 
onoloway  Creek,  Sleepy  Creek.  Licking  Creek,  Back  Creek,  and  Con- 

^ocheague  Creek 5, 560 

Miuon  Creek  at  mouth 335 

ietam  Creek  at  mouth 305 

ietam  Creek  at  United  States  Geological  Survey  gaging  station  near 

harpsburg 295 

oraac  River  at  Harpers  Ferry  above  Shenandoah 6,  350 

SHENANDOAH    BASIN. 

th  River  alxjve  Bridgewater 295 

ka  Creek  at  mouth 42 

th  River  to  Middle  River 420 

th  River  to  South  River 805 

die  River  to  North  River 365 

'is  Creek  at  mouth 28. 5 

th  River  to  North  Rivor 245 

th.  South,  and  Middle  rivers  above  Port  Repu})lic 1, 050 

h  Fork  of  Shenandoah  River  at  Shenandoah,  Va 1,  290 

'  ksbill  Creek  at  mouth 94 

'ksbill  Creek  at  United  States  Geological  Survey  gaging  station 52 

h  Fork  of  Shenandoah  Riv<T  at  Overall 1,  490 

h  Fork  of  Shenandoah  River  at  mouth  at  Riverton I,  590 

Vi  Fork  of  Shenandoah  River  at  Brocks  Gap 215 

h  Fork  of  Shenandoah  River  at  Mount  Jackson 510 

li  Fork  of  Shenandoah  River  at  mouth  at  Riverton l,(HQ 
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SqiuremiW 

South  and  North  forks  of  Shenandoah  River  at  Riverton 2,630 

Shenandoah  River  at  United  States  Geological  Survey  gaging  station  above 

Millville 3,000 

Shenandoah  River  at  Harpers  Ferry 3,010 

POTOMAC    BA8IN    BELOW    SHENANDOAH    KIVER. 

Potomac  River  below  Harpers  Ferry,  including  the  Shenandoah 9.360 

Potomac  River  at  Weverton,  Md 9, 370 

Potomac  River  at  Point  of  Rocks,  Md 9,650 

Catoctin  Creek,  Maryland,  at  mouth 130 

Catoctin  Creek,  Virginia,  at  mouth 93 

Monocacy  River  at  United  States  GtK)logical  Survey  gaging  station 660 

Monocacy  River  at  mouth ^ 

Goose  Creek 385 

Broad  Run,  Virginia * 

Sugarland  Run 2 

Seneca  Creek 130 

Rock  Creek ^ 

Potomac  River  at  Edwards  Ferry " 11. 100 

Potomac  River  at  Great  Falls 11.400 

Potomac  River  at  Chain  Bridge 11,500 

OCCURRENCE   OF  TVPIIO  I>   FEVER. 

CAUSES  OF  TYPHOID  FEVER. 

It  IS  now  the  generally  accepted  view  that  typhoid  fever  is  caused 
by  the  typhoid  bacillus  and  that  only  by  the  multiplication  of  this 
organism  in  the  human  body  is  a  person  brought  down  with  the 
disease.  The  bacillus  is  readily  demonstrated  in  the  spleen  of  thorf 
who  die  from  typhoid  and  is  eliminated  in  the  saliva,  feces,  m 
urine  of  the  sick.  In  the  latter  excretion  it  is  known  to  be  verjfX'^' 
sistent,  so  much  so  that  one  who  has  recovered  may  for  a  long  time 
thereafter  scatter  the  specific  bacteria  through  this  discharge.  The 
evacuations  of  those  not  suffering  from  t}'phoid  never  contain  the 
organism.  Thus  it  is  that  a  well  or  other  water  supply  may  belong 
polluted  by  dejecta  without  causing  this  disease,  and  may  be  qiiickl.^ 
converted  to  a  plague  center  by  the  advent  of  one  stricken  with  it- 
Such  a  person  is  a  menace  to  the  j)ublic  health,  and  the  infection 
from  him  may  be  diffused  in  several  ways.  The  simplest  of  the.^'t'i^ 
by  direct  contact.  Cases  are  connncm  where  those  mirsing  th^ 
])atient  are  brought  low  as  a  result  of  handling  the  discharges  orsoil^ 
linen  of  the  sick  room,  and  perhaps  by  using  the  knives  and  forb^^^ 
drinking  cups  of  the  sick.  Sometimes  the  infected  objects  are  n^'^ 
confined  to  the  domicile  of  the  patient.  Thus  in  Mcmtclair,  N.  l-^ 
outbreak  was  brought  about  on  one  milk  route  by  infection  spre*" 
from  an  unreported  case.  The  milk  bottles  were  brought  into  tn** 
sick  room,  where  they  })ecame  infected,  and  were  then  returned  totl'^ 
dealer,  who  used  t\\en\  ^\\\\\owV  s^VeiWxTAs^^  vVvawv.    In  consequent*^ 
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typhoid  broke  out  among  those  of  his  customers  who  took  their  milk 
in  pint  bottles,  the  only  kind  left  at  the  house  in  question,  none  of  the 
other  customers  being  attacked.  With  the  withdrawal  of  the  supply 
the  epidemic  ended.  It  is  possible  for  the  disease  to  be  even  more 
widely  disseminated  by  objects  handled  by  the  sick.  In  collecting 
facts  in  the  Potomac  watershed,  it  was  reported  that  an  epidemic  had 
prevailed  among  the  pickers  in  a  certain  peach  orchard,  and  it  is  quite 
conceivable  that  the  unclean  fingers  of  the  laborers  may  have  infected 
the  fruit,  which  transmitted  the  disease  to  the  cities  where  it  was 
marketed. 

Unhappily  the  sickness  is  not  always  severe  enough  to  compel  its 
victim  to  take  to  bed.  He  may  go  about  and  ease  himself  not  at  a 
single  privy,  but  at  the  one  nearest  at  hand  when  necessity  is  on  him. 
Thus  several  unsuspected  infection  centers  may  be  established.  Even 
^hen  the  patient  is  shut  up  his  stools  may  be  thrown,  through  igno- 
'ftnce  or  carelessness,  without  disinfection  into  a  cesspool  or  privy 
^^y  still  worse,  on  the  bare  ground. 

Typhoid  is  most  frequently  spread  from  the  ordure  of  those  aflBicted, 
*nd  this  is  accomplished  by  several  agencies.     The  common  house  fly 
visits  such  matter  to  feed  and  occasionally  to  deposit  its  eggs,  and, 
leaving  accomplished  the  purpose,  returns,  with  its  legs  and  proboscis 
t>edraggled  with  filth,  to  the  kitchen  or  pantry  and  tracks  the  infec- 
tion through  the  food,  which  then  becomes  the  vehicle  of  the  disease. 
This  matter  was   thoroughly   investigated   by  the   typhoid-fever 
conunission  of  the  United  States  Army  in  1898.     It  was  found  that 
the  flies  alternately  visited  and  fed  on  the  infected  stools  of  the  soldiers 
*nd  the  food  in  the  mess  tents.     More  than  once,  when  lime  had  been 
scattered  over  the  fecal  matter  in  the  pits,  flies  with  their  feet  covered 
^th  lime  were  seen  walking  over  the  food.     Moreover,  typhoid  fever 
^*8  much  less  frequent  among  members  of  messes  who  had  their 
7^ts  screened  than  it  was  among  those  who  did  not  take  this  precau- 
tion.    The  disease  gradually  died  out  in  the  fall  of  1898  in  Camp 
''^oxville  and  Camp  Meade  wuth  the  disappearance  of  the  flies,  and 
m^  occurred  at  a  time  of  year  when  in  civil  practice  typhoid  fever  is 
^^^rally  on  the  increase.     This  was  not  due  to  the  fact  that  all  those 
^^o^ptible  to  the  disease  had  developed  it,  because  the  army  at  these 
^^^<^es  was  considerably  recniited   at  this  time.     It  was  also  found 
"^t  flies  may  carry  infected  material  from  soiled  bedding  and  bed 
^^^s  spattered  with  the  discharge  of  patients.     So  this  commission 
^^^rited  out  that  the  typhoid  patient  should  be  protected  from  the 
^^>^oyance  of  this  insect,  not  only  because  he  will  be  more  comfort- 
l^,  but  in  order  to  j)revent  the  spread  of  the  disease  through  its 
^^xicy. 

iThe  fly  has  also  the  habit  of  biting  the  mouth  of  man,  who  fre- 
'^^ntly  moistens  liis  lips  with  his  tongue,  and  may  so  infect  himself. 
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L.  O.  Howard**  enumerates  thirteen  different  flies  that  are  com- 
monly found  in  houses.  Of  these,  the  common  house  fly  he  finds  to 
be  far  the  most  numerous.  In  1900  he  made  a  collection  of  flies  ia 
dining  rooms  in  different  parts  of  the  country,  and  out  of  a  total 
of  23j087  flies,  22,808  were  Musca  domestica  L. — that  is,  98.8  per  cent 
of  the  whole  number  captured.  The  remainder,  1.2  per  cent  of  the 
whole,  comprised  various  species.  The  next  most  abundant  fly  is 
Stomoxys  caldtrans  L.,  which  is  vulgarly  called  the  stable  fly.  It 
differs  from  the  house  fly  in  that  its  mouth  parts  are  formed  for  pierc- 
ing the  skin,  which  the  house  fly^s  are  not.  It  is  a  conmion  impres- 
sion that  the  house  fly  bites.  This  is  not  true,  the  impression  being 
given  by  the  presence  of  stable  flies  in  houses. 

Musca  domestica  commoiJy  lays  its  eggs  upon  horse  manure.    This 
substance  seems  to  be  its  favorite  larval  food.     It  will  deposit  upon 
cow  manure,  but  it  has  been  impossible  to  rear  it  in  this  substance. 
It  will  also  breed  in  human  excrement  and  will  lay  its  eggs  upon  \ 
other  decaying  vegetable  and  animal  matter,  but  of  the  flies  thatj 
infest  dwelling  houses,  both  in  cities  and  on  farms,  the  vast  proportion  j 
come  from  horse  manure.     Packard^  states  that  at  Salem,  Mass.,he  | 
bred  a  generation  in  fourteen  days  in  horse  manure.     The  duration  • 
of  the  egg  state  was  twenty-four  hours,  the  larval  state  from  five  to 
seven  days,  and  the  pupal  state  from  five  to  seven  days.     At  Wash- 
ington, Howard  found  that  in  midsummer  each  female  lays  about 
120  eggs,  which  hatch  in  eight  hours,  the  larval  period  lasting  five 
days  and  the  pupal  period  five  days,  making  the  total  time  for  the 
development  of  the  generation  ten  days.      This  was  at  the  end  of 
June.     The  periods  of  development  var}^  with  the  climate  and  \*'ith 
the  season,  and  the  insect  hibernates  in  the  puparium  condition  in 
manure  or  at  the  surface  of  the  ground  under  a  manure  heap.    The 
adult  also  hibernates  in  houses,  hiding  in  the  crevices.     The  Washing- 
ton observations  indicate  that  the  larvae  molt  twice,  and  the  insect 
averages,  thus,  tliree  distinct  larval  stages.     The  periods  of  develop- 
ment were  found  to  be  about  as  follows:  Egg  from  deposition  to  hatch- 
ing, one-third  of  a  day;  hatching  of  larva  to  first  molt,  one  day;  first 
to  second  molt,  one  day;  second  molt  to  pupation,  three  days;  pupa- 
tion to  issuing  of  the  adult,  five  days;  total  life  round,  approximately 
ten  days.     There   is   thus   abundant   time  for  the  development  of 
twelve  or  thirteen  generations  in  the  climate  of  Washington  every 
summer. 

The  number  of  eggs  laid  by  individual  flies  is  undoubtedly  large- 
averaging  about  120,  and  the  enormous  numbers  in  which  the  insects 
occur  are  thus  plainly  accounted  for,  especially  in  view  of  the  abun- 
dance  and  universal  occurrence  of  appropriate  larval  food. 

a  circular  No.  71,  U.  S.  Dept.  Agriculliiro,  Bureau  of  Entomology. 
i>  Idem,  p.  3. 
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Howard  says  that  people  living  in  agricultural  communities  will 
probably  never  be  rid  of  the  pest,  but  that  in  cities,  with  better 
methods  of  disposal  of  garbage  and  with  the  lessening  of  the  num- 
bers of  horses  and  horse  stables  due  to  the  advent  of  automobiles  and 
electric  street  railways,  the  time  may  come  when  window  screens 
may  be  discarded.  The  pron\pt  gathering  of  horse  manure,  which 
may  be  variously  treated  or  kept  in  a  specially  prepared  receptacle, 
would  greatly  abate  the  nuisance,  and  city  ordinances  compelling 
horse  owners  to  follow  some  such  course  are  desirable. 

During  the  summer  of  1897  a  series  of  experiments  was  carried 
out  by  Howard  with  the  intention  of  showing  whether  it  would  be 
possible  to  treat  a  manure  pile  in  such  a  way  as  to  stop  the  breeding 
of  flies.  It  was  found  to  be  impracticable  to  use  air-slacked  lime, 
land  plaster,  or  gas  lime  with  good  results.  Few  or  no  larvae  were 
killed  by  a  thorough  mixing  of  the  manure  with  either  of  these  sub- 
stances. Chloride  of  lime,  however,  was  found  to  be  an  excellent 
maggot  killer.  Where  1  pound  of  chloride  of  lime  was  mixed  with 
8  quarts  of  horse  manure,  90  per  cent  of  the  maggots  were  killed  in 
iess  than  twenty-four  hours.  However,  chloride  of  lime  costs  at 
east  3i  cents  a  pound  in  large  quantities,  so  that  frequent  treatment 
rf  a  large  manure  pile  with  this  substance  would  be  out  of  the  ques- 
tion in  actual  practice. 

Kerosene  was  also  tested.  Hundreds  of  thousands  of  flies  were 
lestroyed  by  its  use  in  the  experiments,  but  it  was  found  far  from 
Mrfect,  since  if  used  at  an  economical  rate  the  kerosene  could  not 
3e  made  to  penetrate  through  the  whole  pile,  so  that  a  considerable 
portion  of  the  house-fly  larvae  in  the  manure  escaped  injurj^  in  this 
treatment,  which  was  found  to  be  so  laborious  that  hardly  anyone 
xmid  be  induced  to  adopt  it. 

The  most  efficient  preventive  measure  was  found  to  be  the  prep- 
aration of  a  special  receptacle  for  the  manure,  which  was  very  readily 
accomplished.  A  closet  was  built  in  a  comer  of  the  stable  nearest 
the  manure  pile.  It  had  a  door  opening  into  the  stable  proper  and 
abo  a  window.  A  door  was  built  in  the  outside  wall  of  this  closet 
wid  the  hostlers  were  directed  to  abolish  the  outside  manure  pile, 
uid  in  future  to  throw  all  the  manure  collected  each  morning  into 
this  closet,  the  window  of  which  was  furnished  with  a  wire  screen. 
A  barrel  of  chloride  of  lime  was  put  in  the  comer  of  the  closet.  Since 
^hat  time  every  morning  the  manure  of  the  stable  is  thrown  into  the 
'loset  and  a  small  shovelful  of  chloride  of  lime  is  scattered  over  it. 
U  the  expiration  of  ten  days  or  two  weeks  the  gardeners  open  the 
Utside  door,  shovel  the  manure  into  a  cart,  and  carry  it  off  to  be 
hrown  upon  the  grounds.  This  treatment  has  proved  verj^  success- 
il  at  the  stable  of  the  United  States  Department  of  Agriculture. 
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The  experiments  described  above  have  reference  only  to  the  pre- 
vention of  the  breeding  of  flies  in  horte  manure.  Somewhat  differ- 
ent measures  are  necessarj'  to  prevent  them  from  breeding  in  human 
excrement.  The  box  privy  is  always  a  nuisance  from  any  point  of 
view,  and  is  undoubtedly  dangerous  as  a  breeder  of  flies.  Hence  box 
privies  should  not  be  permitted  to  exist  unless  they  are  conducted 
on  the  earth-closet  principle.  With 'a  proper  vault  or  other  recep- 
tacle, closed  except  from  above,  the  breeding  of  house  flies  cm  be 
prevented.  Covering  the  refuse  with  lime,  however,  is  more  certain 
than  the  use  of  earth.  The  privy-vault  nuisance  is  a  real  one,  and 
no  community  can  hope  to  stamp  out  typhoid  entirely  w  ithout  either 
exercising  the  most  unremitting,  rigid  supervision  of  the  latrines  or 
abolishing  them  altogether. 

Wind  may  also  affect  the  distribution  of  infected  feces.  Cases  are 
on  record  w  here  pits  have  been  dug  for  the  accommodation  of  con- 
siderable numbers,  such  as  soldiers  in  camp,  and  the  material  has 
become  dried  and  been  blow  n  by  a  violent  wind  into  food  which  vas 
exposed.  Perhaps  at  the  same  time  persons  w  ere  infected  by  inhal- 
ing the  swirling  dust  through  the  mouth. 

It  is  known  that  typhoid  is  distributed  by  vegetables  coinnionhr 
eaten  raw,  which  have  been  cultivated  with  contaminated  night  soil. 
Often  infected  privy  vault  or  cesspool  matter  is  used  as  a  fertilizer 
with  disastrous  results.  An  epidemic  of  typhoid  fever  in  a  Massa- 
chusetts institution  was  traced  to  the  use  of  celery  w  hich  w  as  enriched 
with  manure  which  was  known  to  contain  enteric  feces. 

About  the    1st  of   August,    1S92,   there    appeared   at  Springfield, 
Mass.,  a  typhoid-fover  epidemic  that  was  confined  to  the  customers 
of  one  milkman,  who,  it  was  found,  jnirchased  his  milk  from  several 
dairymen.     On  one  of  these  farms  had  occurred  a  case  of  "bilioi!^ 
typhoid  fever"  and  others  of  the  household  had  been  obliged  to  go 
to  bed  with  ''slow  fever."     The  stools  of  the  ])atients  went  into  the 
privy,  it  is  In^lieved,  without  disinfection.     It  was  the  practice  on  tte 
place  to  cool  the  milk  by  submerging  the  cans  in  a  well  in  siicii  a 
numner  that  they  rested  on  the  bottom  and  were  covered  by  2  to 4 
feet  of  water.     As  the  stoppers  leaked,  it  followed  that  if  the  water 
was  polluted  with  typhoid  germs  the  milk  would  become  infected 
It  was  at  first  didicult  to  account  for  the  })()llution  of  the  water,  for 
the  well  was  at  some  distance  from  the  house  and  the  water  was  not 
used  therein.     However,  the  ccmstruction  of  the  well,  which  was  an 
ordinarv^  dug  one  of  unusually  large  diameter,  admitted  of  its  hein? 
readily  ])oIluted  from  the  top.     The  mouth  was  covered  with  a  plat- 
form of  old  and  !)adly  worn  planks,  loosely  laid  on,  with  rounded 
edges  bordering  on  wide  cracks.     Furtliei'nu)re,  the  planks  wen*  sep- 
arate In  order  that  they  might  be  readily  lifted  to  put  the  milk  in  the 
weJI  to  cool.     The  spout  o\*  \\\e  \nu\\\>  w^^vUuug  the  platform,  so  that 
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•eless  pumping  easily  washed  matter  on  the  planks  through  the 
ie  cracks  into  the  well.  Lumps  of  manure,  evidently  from  the 
ly  boots  of  men,  were  on  the  platform,  and  it  was  found  that 
linary  stepping  about  upon  the  boards  shook  this  dung  into  the 
A\  and  also  that  a  little  pumping  washed  it  in.  Shortly  before  the 
phoid  fever  broke  out  in  Springfield,  the  contents  of  the  privy 
Ailt  before  mentioned  were  spread  upon  a  tobacco  field,  and  from 
is  field  the  laborers  frequently  passed  to  get  water  and  to  work 
»out  the  milk.  Thus  fecal  matter  originally  from  the  privy  clung  to 
icir  boots  as  they  worked  in  the  field  and  was  scraped  off  and  shaken 
to  the  well  as  the  men  performed  their  duties  about  it.  So  the  well 
ater  and  milk  were  polluted  and  the  epidemic  w^as  established." 
Milk  is  a  medium  in  which  the  tjT^hoid  bacillus  multiplies  with 
•eat  rapidity  and  contaminated  milk  supplies  have  repeatedly  prop- 
jated  the  disease.  The  infection  is  usually  brought  about  by  a 
ise  of  ''walking  t^7)hoid"  (i.  e.,  where  the  patient  is  not  confined  to 
IS  bed)  in  the  dairy,  or  the  washing  of  the  utensils  or  adulteration 
■  the  milk  with  polluted  water.  The  infective  matter  is  circulated 
3out  a  dair}^  with  such  facility  that  the  milk  ordinances  of  cities 
>rbid  in  the  most  positive  tenns  the  deliver^"  of  milk  from  fanns 
here  the  disease  exists. 

In  late  years  it  has  been  discovered  that  shellfish,  such  as  oysters 
id  clams,  which  live  in  sewage-polluted  water  are  apt  to  convey 
T)hoid.  Several  occurrences  of  the  disease  have  been  found  to  be 
ie  to  this  cause.  This  soiu-ce  of  typhoid  should  arouse  the  solici- 
de  not  only  of  sanitarians  but  also  of  fish  dealers,  clam  diggers, 
id  oyster  dredgers,  who  have  a  right  to  demand  protection  in  their 
isiness. 

While  all  these  factors  according  to  circumstances  play  a  more  or 
5s  important  role  in  the  dissemination  of  typhoid,  it  is  generally 
cognized  that  impure  water  is  the  principal  agent  in  the  transmis- 
>n  of  the  disease.  Ever}^  one  of  the  bad  epidemics  has  been  indu- 
tably  traced  back  to  polluted  water,  and  there  is  not  a  State  in  the 
nion  or  a  countr^^  in  the  world  that  does  not  pay  its  monthly  toll 
lives  to  contaminated  water. 

Augusta,  Me.;  Lowell,  Lawrence,  and  Newburyport,  Mass.;  New 
aven.  Conn.;  Ithaca,  N.  Y.;  Butler,  Plymouth,  and  Pittsburg,  Pa.; 
miberland,  Md.;  Ashland,  Wis.;  Chicago,  111.;  Washington,  D.  C, 
d  many  other  places  have  passed  through  the  ordeal  of  a  water- 
rne  typhoid  epidemic.  The  supplies  are  always  contaminated  by 
^  introduction  of  infected  feces,  usually  suddenly,  !)ut  sometimes  for 
[isiderable  lengths  of  time.  Tvphoid-feyer  epidenucs  du(*  to  impure 
ter  are  chararteiizcHl  by  being  yc^y  limitcnl  or  very  widespread, 
X)rding  to  wliether  tlie  watcu-  is  used  by  few  or  numy.     The  former 

«S<Ml^'\vick.  \V.  T..  Ann.  liopt.  Massachnsotts  t^VaVo  \\mvTv\  vA  \\v-a\\\\.  WJ.vl. 
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type  pertains  to  well  wafers  and  the  latter  to  city  supplies  of  consid- 
erable size.  In  many  well-water  epidemics  it  is  possible  to  draw  a  ci^ 
cle  of  short  radius,  with  the  well  for  a  center,  which  includes  neariy  aD 
of  the  cases.  That  is^  the  victims  are  among  those  who  habitually  use  j 
the  well.  The  onset  of  such  epidemics  is  usually  sudden,  their  period 
of  extreme  virulence  is  brief,  and  they  have  a  tendency  to  disappear. 

When  large  supplies  are  infected  the  cases  are  distributed  through- 
out the  community  and  appeareitherm  a  desultory  fashion,  as  theresult 
of  slight  pollution,  very  likely  at  different  times  and  places,  or  in  great 
numbers  at  one  time,  owung  to  the  sudden  introduction  of  a  large 
quantity  of  pollution,  which  is  usually  effected  by  heavy  rains  or 
rapid  thaws.  In  the  case  of  epidemics  from  large  supplies  the  period 
of  malignancy  is  somewhat  less  sharply  marked  than  in  well-water 
outbreaks,  but  the  proclivity  to  die  out  is  as  noticeable. 

This  tendency  of  epidemics  to  run  out  brings  us  to  a  considentticm 
of  the  typhoid  bacillus  itself,  for  it  is  manifest  that  if  this  organism  is 
the  cause  of  the  disease  something  must  have  happened  to  it  or  the 
outbreak  would  continue  indefinitely.  At  the  outset  it  must  be  frankly 
admitted  that  we  have  not  so  certain  a  knowledge  of  the  history  of  the 
bacillus  in  water  as  is  desirable.  Great  ingenuity  and  much  work 
have  been  spent  in  the  effort  to  determine  the  longevity  of  the  t3rphoid  ] 
bacillus  in  water.  The  difficulty  has  been  to  reproduce  in  experi- 
ments the  conditions  that  surround  the  germ  in  flowing  streams,  wells, 
and  reservoirs.  Such  environments  appear  to  have  been  most  nearly 
approximated  in  the  methods  introduced  by  Jordan  and  Zeit*^  and 
developed  by  Russell  and  Fuller.  ^  The  results  of  the  latter  investi- 
gations are  as  a  whole  concordant  with  those  of  the  former,  and  show 
that  the  typhoid  bacillus  lives  five  days  in  sewage  and  eight  to  ten  in 
water.  They  indicate  also  that  the  life  of  the  bacilli  is  shorter  when 
they  are  in  direct  contact  with  sewage  bacteria  than  it  is  when  they 
are  expos(»d  in  sewage  hut  protected  from  the  bacteria  therein.  The- 
experiments  are  so  perfect  that  it  seems  justifiable  to  assume  a  life  of 
ten  days  for  the  typhoid  bacillus  in  water,  but  great  caution  should  be 
exercised  in  <j;en(Talizing  further,  though  the  results  may  tempt  one  to 
infer  that  the  existence  of  the  germ  is  but  little,  if  at  all,  prolonged 
beyond  the  inaxinuim  period  observed  in  the  experiments.  WTiipplf 
and  Mayer'  have  by  experiments  suggested  that  the  amount  of  oxy- 
gen dissolved  in  the  water  may  have  an  important  influence  on  the 
longtn'ity  of  the  typhoid  bacillus  and  query  whether  the  rapid  disap- 
pearance of  the  g(*rin  in  sewage  is  not  in  part  due  to  the  absence  of 
this  clement.  It  seems  to  be  the  prevalent  belief  that  the  various 
mineral  salts  commonlv  held  in  solution  by  natural  waters  neither 


'".lour.  IiiftH-tiotis  Disoas.s.  vol  1,  no.  4;  Engimi'ring  Rt'cord,  December  24.  1904. 
f>  RoportsiUKl  TaiHTS.  Am.  Pub.  Health  Assoc.,  vol.  21.  pt.  2.  p.  40. 
<*Hoports  aiul  rajxTS.  Am.  Tub.  Tb'alth  Ass(X^.,  vol.  21.  pt.  2,  p.  76. 


TYPHOID   FEVEB,  CAUSES.  261 

ror  nor  inhibit  the  growth  of  the  typhoid  organism.  The  litera- 
re  on  this  subject  appears  to  be  scanty,  and  it  is  suggested  that  here 
i  field  for  investigation.  Thus  it  appears  that  before  definite  opin- 
is  as  to  the  longevity  of  the  typhoid  bacillus  can  be  formulated  it 
U  be  necessary  to  prosecute  every  feasible  bacteriological  experi- 
int  and  to  carefully  collate  and  study  the  facts  gleaned  from  inquir- 
into  epidemics. 

Although  the  science  of  bacteriology  has  not  determined  the  length 
life  of  the  typhoid  bacillus  in  water,  it  has  adduced  certain  facts  in 
fard  to  bacteria  in  general  that  it  seems  reasonable  to  suppose  apply 
that  germ.     These  are : 

1.  That  all  bacteria  multiply  rapidly  in  their  natural  habitat,  and 
aversely  that  multiplication  is  checked  elsewhere. 

2.  That  an  abundant  food  supply  and  an  optimum  temperature  are 
ime  factors  in  bacterial  development. 

3.  That  insolation  has  an  injurious  effect  on  bacteria. 

4.  That  they  are  slightly  heavier  than  water  and  so  tend  to  sink  in  it. 

5.  That  certain  microscopic  organisms,  namely,  algse  and  infusoria, 
id  on  them  and  so  reduce  their  numbers. 

The  typhoid  bacillus  thrives  best  in  the  human  intestine,  where 
)d  is  abundant  and  the  temperature  is  high,  so  that  its  invironment 
comes  unfavorable  when  it  is  brought  into  water.  There  it  has  to 
oapete  for  food  with  the  bacteria  that  live  in  that  element.  The  low 
nperature,  the  sunlight,  the  tendency  to  sink,  and  microscopic 
janisms  all  work  to  exterminate  it.  These  are  the  naturd  factors 
it  kill  the  germ  and  end  epidemics  without  the  intervention  of 
man  aid.. 

In  regard  to  the  temperature  of  rivers,  it  is  to  be  regretted  that  no 
jasurements  are  available,  nor  have  any  very  extended  observa- 
»ns  been  made  on  any  American  river  with  a  delicate  instrument, 
ch  as  the  thermophone.  Kofoid,"  however,  did  some  careful  work 
th  thermometers  on  Illinois  River  from  August,  1892,  to  March, 
99.  According  to  his  observations,  the  temperature  of  river  water 
Hows  an  annual  cycle  of  the  same  general  character  year  after  year, 
th  ever  present  minor  variations  of  local  origin.  In  winter  the 
Iter  is  coldest  and  varies  least  in  temperature;  the  minimum 
•served  w^as  32°  F.,  the  average  was  32.75°,  and  the  niaxinuim  was 
Pely  higher  than  34°.  This  constancy  is  doubtless  due  to  the  ice 
lich  normally  covers  the  stream  and  especially  its  backwaters, 
hen  the  temperature  is  below  39.2°  F.,  the  point  of  greatest  density 
Water,  the  colder  waters  are  at  the  surface,  thoucjli  there  is  usually 
ty  little  difference  of  temperature  at  diff(»rent  levels  during  this 
tson.     In  spring  the  temperature  of  the  water  eonimences    to  rise 
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very  early;  the  beginning  and  rate  of  increase  depending  on  the  pecu] 
iaritiesof  individual  years;  the  observations  made  indicate  a  gradiui 
increase  from  an  average  of  40.45°  F.  in  March  to  60.46  °  in  Apri 
and  to  68.27°  in  May,  which  is  a  month  not  only  of  marked  rise  bal 
also  of  considerable  fluctuation  in  temperature.  In  summer  ttM 
water  is  warmest  and  varies  greatly  in  temperature ;  the  average  mtii- 
mum  rose  from  77.75°  in  June  to  81.49°  in  August  and  fell  to  74.21' 
in  September.  The  average  fluctuation  during  this  season  was  leas 
than  10°  F.,  though  the  absolute  range  for  August  in  five  years  was 
from  74.3°  to  89°.  These  rises  and  falls,  combined  with  the  eflfectsof 
the  wind  and  diurnal  changes  in  temperature,  cause  considerable  ve^ 
tical  circulation  of  the  w^ater,  because  the  surface  waters,  especially 
on  still  hot  days,  are  from  a  fraction  of  a  degree  to  5°  warmer  than  tha 
deeper  waters.  In  autumn  the  fall  of  temperature  begins  late  in 
September  and  becomes  practically  complete  in  November;  like  the 
rise  in  spring,  it  is  subject  to  irregularities  in  its  rate  and  permanence. 
The  maximum  and  minimum  observed  in  the  river  during  this  season 
were  respectively  96°  and  32°  F.  When  the  temperature  of  the  air 
falls  in  autumn  below  that  of  the  water  the  consequent  convection 
of  the  surface  and  bottom  layers  of  the  river  causes  the  w  ater  tempera- 
ture to  become  practically  uniform  at  all  points  in  the  vertical  section. 
These  well-defined  periods  of  minimum,  increasing,  maximum,  and 
decreasing  temperature  doubtless  cause  in  the  minute  organisms  in 
the  water  corresponding  seasonal  changes  as  fundamental  and  as 
extensive  as  those  that  afTect  the  plant  and  the  animal  life  of  aerial 
environment. 

In  addition  to  tlie  infhience  of  season  there  are  several  minor  causes 
of  variation  in  temperature,  such  as  the  entrance  of  water  from  tribu- 
tary streams,  springs,  and  impounded  backwaters,  the  local  shal- 
lowness of  tlie  water,  and  the  diurnal  range  of  temperature  in  the  air. 
The  changes  produced  by  the  entrance  of  water  are  of  course  indi- 
vidual and  variable.  The  depth  of  the  stream  determines  the  effect 
of  the  temperature  of  tlie  bed,  though  the  difference  between  the  sur- 
face and  bottom  temperatures  of  stream  water  is,  as  a  rule,  ven' 
small.  The  daily  variations  in  temperature  depend  essentially  on 
those  of  the  air.  On  August  5,  1S9S,  the  temperature  of  the  \vat«r 
near  the  surface  varied  from  79.5°  F.  at  5  p.  m.  to  74°  at  2  a.  m., 
wliile  tliat  of  tlie  water  near  the  bottom  (depth  8  feet)  varied  from 
74°  at  S  a.  ni.  to  76°  at  1 1  a.  m.,  a  fluctuation  of  only  2°  F. 

Some  of  the  conclusions  readied  by  Kofoid  are  particularly  per- 
tinent to  the  relation  of  river  temperature  to  t^-phoid  fever.  The 
average  temperature  of  Illinois  River  in  August  was  81.49°  F.,  only 
10.7°  below  body  temperature,  and  the  maximum  obsers'ed  in  that 
mimth  was  s<)°  F.,  only  !).2°  below  body  temperature.  Accordingly 
it  would  appear  that  at  times  the  bacillus  of  typhoid  fever  may  be  in 
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ater  at  a  temperature  not  far  from  the  optimum.  The  fact  that  in 
kininer  the  temperature  causes  a  vertical  circulation  in  the  river 
f^r  should  be  borne  in  mind  in  deciding  on  the  efficacy  of  sedimen- 
lik»n  in  removing  bacteria.  The  fact  that  the  seasonal  variations 
^-temperature  cause  corresponding  variations  in  the  vitality  of 
Scro-oi^anisms  indicates  that  decrease  of  heat  is  of  unequal  moment 
r  different  seasons  of  the  year  in  destroying  bacterial  life.  Finally, 
would  be  interesting  to  know  whether,  on  account  of  the  small  dif- 
rence  noted  between  surface  and  bottom  temperatures,  it  is  ever 
issible  for  sewage  to  flow  a  considerable  distance  in  a  river  without 
ixing  with  the  stream  water.  If  it  is,  then  sewage  might  in  some 
ises  flow  from  one  citv  to  another  and  arrive  in  a  fairly  concentrated 
»ndition. 

With  regard  to  the  Potomac  itself,  it  may  be  remarked  that  the 
ige  quantity  of  water  received  from  ground  flow  from  mountain 
ibutaries  and  from  mines  all  tend  to  influence  its  temperature. 

The  destruction  o{  food  material  in  rivers  apparently  bears  an  inti- 
late  relation  to  temperature,  as  was  shown  by  investigations  on 
Dinois  River  and  the  Chicago  drainage  canal  between  Bridgeport 
nd  Joliet.  '*  Ordinarily  in  the  warm  weather  there  is  a  marked  oxida- 
ion  here  with  evident  destruction  of  organic  matter.  This  was 
bown  in  the  investigations  of  1888  and  in  striking  degree  in  those  of 
be  summer  of  1886.  In  the  cold  winter  and  spring  months  of  1889, 
m  the  contrary,  the  oxidation  was  slight  between  Bridgeport  and 
foliet,  and  this  is  probably  the  normal  low-temperature  condition.^ '« 

It  is  an  interesting  fact  that  the  period  of  minimum  temperature, 
«  defined  by  Kofoid,  coincides  with  the  months  of  the  minimum 
Prevalence  of  typhoid  fever  in  Washington,  and  that  the  influence  of 
be  period  of  maximum  temperature  extends  over  all  the  months 
Uring  which  the  disease  is  at  its  height  except  only  the  second  half 
f  October.  If  it  be  admitted  that  by  reason  of  the  gcfographic  situa- 
ion  of  the  Potomac  basin  the  temperature  of  the  stream  remains  at 
le  maximum  a  few  weeks  longer  than  it  does  in  Illinois  River, 
le  months  of  the  maximum  occurrence  of  the  disease  fall  quite 
ithin  the  period  of  maxinmm  temperature.  Furthermore,  the 
Bcline  of  typhoid  fever  in  autumn  seems  to  coincide  very  closely 
ith  the  fall  of  temperature,  and  the  inc^reasc  of  typhoid  fever  that 
icceeds  its  period  of  minimum  prevalence  seems  to  occur  near  the 
id  of  the  period  of  increase  of  temperature.  This  apparently  indi- 
ites  that  it  is  necessary  for  the  water  to  attain  a  rather  high  toniper- 
ture  before  it  readies  its  most  favora])le  condition  for  transporting 
le  germs  of  typhoid  fever.  It  is  true  that  it  lias  not  been  uncommon 
>r  water-borne  epidemics  of  the  disease  to  occur  in  early  spring  and 

«Egan,  J.  A.,  Pollution  of  th^  Illinois  Rivor:  Sanitary  investigations  of  the  Illinois  River  and  its 
tibutaries,  Illinois  State  Board  of  Health  11>01.  p.  xxiii. 
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also  in  early  winter.  However,  it  is  believed  that  in  these  cases  the 
time  that  elapsed  between  the  introduction  of  infected  feces  into  tiiaH 
water  and  the  lodgment  of  the  bacilli  in  their  victims  was  brief,  and  i 
that  therefore  the  germs  were  able  to  withstand  untoward  tempenk 
ture  conditions  to  which  they  w^ould  have  succumbed  had  the  inten^aL 
of  exposure  been  longer. 

It  should  be  remembered  that,  as  Kofoid  has  determined,  the  tem- 
perature of  a  river  responds  very  quickly  to  fluctuations  in  the  teift- 
perature  of  the  air  above  it.  Sedgwick  and  Winslow**  have  pointed 
out  that  ^^  in  communities  with  reasonably  pure  water  supplies  thej 
typhoid  fever  follows  the  curve  of  seasonal  temperature  with  extracM^ 
dinary  regularity.  If  the  monthly  deaths  from  the  disease  be  plotted 
and  compared  with  the  monthly  temperatures,  it  will  be  foimd  thit 
the  curves  are  almost  parallel,  the  typhoid  rising  with  the  tempoi- 
ture  after  about  two  months,  an  interval  representing  the  incubation 
period  of  the  disease  and  the  time  which  elapses  before  death.''  So,' 
in  a  measure,  these  river-temperature  periods  but  reflect  typhoid 
conditions  which  prevail  under  like  temperature* conditions  on  land; 
and  it  is  felt  that*  the  river  temperatures  act  in  the  same  direction  ii 
the  air  temperatures  and  play  a  considerable  part  in  fostering  or 
restraining  the  dissemination  of  the  disease.  In  this  connection  the 
statement  made  by  Clark  and  Gage''  that  in  a  river  as  polluted  as 
the  Merriinac  tlie  numbers  of  Bacillus  coJi,  the  common  intestinal 
bacillus,  are  nu)re  numerous  in  warm  than  in  cold  weather  is  possibly 
si<j:nirK'ant. 

How  much  importance  should  be  attributed  to  microscopic  organ- 
isms in  reducing  the  bacteria  in  water  is  a  moot  question.  There 
seems  to  be  a  concurrence  of  opinion  that  they  play  only  a  minor  part, 
but  the  matter  will  have  to  be  investigated  more  carefully  than  it  has 
been  before  the  possibility  of  their  having  a  considerable  beneficial 
infhionco  in  this  direction  can  be  positively  denied.  However,  it  is 
certain  that  at  some  seasons  of  the  year  they  are  present  in  the  \vat«r 
in  very  small  numbers  and  therefore  that  their  action  is  not  constant. 

As  water  is  not  the  normal  habitat  of  typhoid  bacilli,  it  is  univer- 
sally admitted  that  their  detention  in  that  medium  is  of  the  utmost 
imj)ortancc  in  their  elimination.  By  giving  the  factors  of  insolation, 
unfavorable  temperature,  and  reduction  of  their  food  supply  an  oppor- 
tunity to  act  through  considerable  time  the  vitality  of  the  germ  is 
reduced  and  its  final  destruction  is  !)rought  about.  The  quicker  the 
journey  from  intestine  to  intestine  is  accomplished  the  better  is  the 
chance  for  the  survival  of  the  bacillus.  Now,  sedimentation  is  reci>g- 
nized  as  potent  in  delaying  the  germ  in  its  travels.  <^     The  process  is 

<i  loiir.  New  Knglnnd  Waterworks  Assck'..  vol.  21).  No.  1.  r.XM>,  p.  .W. 
''  K<'pt.  Massachiisrtts  State  IJoard  of  H«'alth,  1892,  p.  279. 
c  Whipple,  G.  C,  The  Microscopy  of  Drinking  Wat>er,  1S»9. 
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*  sinnple  one  in  reservoirs  and  lakes,  for  it  is  interfered  with  only  by 

^"®  oonvectional  currents  established  by  the  heating  of  the  water  and 

"y  the  very  considerable  circulation  of  the  water  brought  about  by 

^^  '^ind.     But  in  rivers  it  is  further  complicated  by  the  phenomena 

^  transportation."    Everyone  knows  that  the  solid  material  brought 

I  to  a  river  by  various  agencies  does  not  sink  to  the  bottom  as  soon  as 

f  *t  reaches  the  stream,  but  is  carried  forward  by  the  current.     By  care- 

*^  experimentation  some  of  the  laws  that  govern  this  action  have  been 

^^^covered.     It  is  well  known  that  the  power  of  flowing  water  to  trans- 

Pp*t  debris  increases  with  increasing  velocity,  and  that  the  siz(»,  spe- 

f'fic  gravity,  and  form  of  the  loose  material  deternjine  whether  or  not 

'.  ^\  ^U  ^  moved  by  a  current  of  given  velocity.     The  smaller  the  divi- 

"1   Bloiis  of  any  mass  the  larger  the  ratio  of  surface  to  weight ,  and  the  force 

f   Whi^}^  1^  current  of  given  velocity  exerts  against  objects  in  its  path 

t   ^•ries  as  the  area  of  the  opposing  surface.     Therefore  the  finer  the 

■  ^:   Particles  the  more  easily  will  they  be  transported.     But  the  ability  of 
"r   •^ams  to  carry  debris  in  suspension  is  dependent  not  only  on  these 

y.  *^tors  but  on  the  presence  of  secondarj^  and  esp<»cially  of  upward 
-~  ^^UTfents,  which  tend  to  lift  up  the  particles  brought  within  their  influ- 

""  •lUse.  Were  it  not  for  these  minor  currents  particles  would  sink  in  a 
^  *^Bjrular  curve,  whereas  the  path  actually  traveled  by  them  is  a  very 

"  ^    *^roken  line,  sometimes  tending  toward  the  bottom,  at  others  toward 

■  r  tie  banks  of  the  stream,  and  again  upward  toward  the  surface.  When 
-.   tie  particles  finally  reach  the  bottom  they  remain  there  only  so  long 

•s  they  do  not  come  withm  the  influence  of  a  current  strong  enough 
'    to  lift  them  into  circulation,  which  may  be  for  either  a  long  or  a  short 
l^riod.     It  has  been  found  that  the  change  in  the  velocity  of  streams 
*ii  horiasontal  planes  is  greatest  near  the  shore  and  least  near  the  thread 
^  maximum  current;  and  that  in  vertical  planes  it  is  greatest  near 
the  bottom  and  surface  and  least  at  about  one-third  of  the  depth  of 
the  stream — that  is,  where  the  absolute  velocity  is  greatest.     If,  then, 
the  water  be  either  charged  to  its  maximum  capacity  or  overcharged 
'^th  sediment,  the  highest  percentage  of  material  will  be  found  near 
the  banks,  surface,  and  bottom,  and  the  least  amount  at  a  depth  of 
•bpjit  one-third  that  of  the  stream.     If,  however,  the  water  is  under- 
charged with  suspended  material,  as  is  the  case  with  most  streams, 
tlxe  distribution  will  not  follow  any  law,  the  amount  at  any  locality 
heing  dependent  on  the  chance  swirls  and  boils.     It  is  an  important 
*^t  that  the  transporting  power  of  running  water  increases  in  a 
Kl^ater  ratio  than  the  increase  in  velocity.     It  has  been  found  that  if 
^l^e  surface  of  an  object  remains  constant  the  force  of  a  current  strik- 
*^g  it  varies  as  the  square  of  its  velocity;  also  tliat  the  trans])()rting 
l^^wer  of  a  current,  or  the  weight  (^f  the  largest  fragment  it  can  carry, 

rtRus.s<'ll,  Rivers  of  North  Amerka. 
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vrries  as  the  sixth  power  of  the  velocity.  It  will  be  seen  that  under 
this  law  doubling  the  velocity  of  a  current  increases  its  transporting 
power  04  times.  An  increase  in  the  volume  of  a  stream  increases  its 
velocity;  hence  floods  multiply  the  transporting  power  of  water  and 
by  so  doing  accpiire  a  destructive  power  which  is  accounted  for  by  the 
foregoing  law. 

Besides  the  material  which  a  stream  carries  in  suspension,  there  is 
that  finely  divided  matter  which  it  rolls  along  over  its  bed.  This  does 
not  travel  in  sheets,  but  moves  along  in  wave-like  forms  which  have  i 
long,  gentle  slope  in  the  direction  of  the  current  and  an  abrupt  drop 
on  the  downstream  end.  Thus  j)articles  which  reach  the  bottom  of » 
stream  do  not  come  to  rest  unless  they  are  too  heavy  for  the  stream 
to  drag  along. 

From  this  discussion  it  is  evident  that  sedimentation  is  profoundly 
affected  by  any  factor  which  tends  to  quicken  or  retard  stream  flow, 
and  that  it  is  exceedingly  difficult  to  follow  material  after  it  is  once 
committed  to  a  stream.  At  one  time  it  will  be  in  suspension,  at 
another  at  rest.  Now  it  may  travel  near  the  bottom,  again  at  the 
surface,  or  at  another  time  it  may  be  deflected  against  the  banks  oi 
the  river.  But  it  is  evident  that  all  these  migrations  take  tinie,  and 
this  is  what  is  desired  to  accomplish  bacterial  purification.  Thus  food 
material  may  become  exhausted  before  it  has  traveled  far  down- 
stream, or  some  other  agent  may  have  worked  considerable  change  in 
a  few  miles  of  river  flow. 

It  should  l)e  noted  that  sedimentation  means  more  than  the  mere 
settling  out  of  bacteria  by  their  own  weight,  for  other  and  heavier 
niat(M*ials  in  sinking  mechanically  entrain  the  germs  and  drag  them 
toward  the  bottom.  This  action  is  most  effective  when  large  quan- 
tities of  silt  are  l)eing  rapidly  deposited — that  is,  when  the  action  is 
taking  ])lace  in  turbid  waters.  In  relatively  dear  water  it  loses  mucl 
of  its  ini])ortance. 

Rapid  sedinuMitation  is  often  brought  about  by  chemical  means. 
Thus,  wIkmi  highly  acid  mine  waters  are  discharged  into  rivers  whcisJf 
waters  contain  notable*  amounts  of  lime,  insolul)le  salts  are  fonued. 
which  sink  rapidly  to  the  bottom.  As  they  do  so  they  carry  a  larg? 
|)roj)ortion  of  the  bacteria  with  them,  so  that  mine  wastes  are  not 
always  an  unmixed  (»vil. 

Though  the  Potomac  is  as  a  whole  a  swift  river,  sedimentation  i^ 
undoul)t(Mlly  active*  in  nuich  of  its  course.  Kven  in  its  upper  reaches 
this  force  is  at  work,  as  anyone  can  test  for  himself  by  walking  alon|! 
tli(*  banks  from  Western|)ort  to  K(\vser,  where  large  quantities  of  salts 
resulting  from  the*  action  of  \\\v  waters  of  Georges  Creek  on  the  limy 
wastes  of  tlie  W(\st  ^'irginia  Pulp  and  Pa])er  Company  have  beendep'^^- 
it(Ml  on  tlic  rocks  and  in  the*  shallows.  In  the  many  pools  in  the  btnl 
of  the  river  the  curreul  \\\v\sl  \wcessarily  be  checked  and  deposition 
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elerated.  Particularly  important  are  the  seven  dams,  which  cause 
:'k  water  for  miles.  In  low  stages  of  the  river  the  water  must  move 
v'ard  the  dams  very  slowly,  and  they  undoubtedly  afford  the  forces 
purification  by  deposition  the  greatest  play.  Some  ((uestion  has 
?n  raised  whether  the  protection  against  typhoid  accorded  in  tliis 
y  does  not  contain  an  element  of  danger.  Thus  Sedgwick  lias 
ted  that  in  Lowell  and  Lawrence,  Mass.,  the  summer  typhoid 
mrred  after  sudden  rises  in  Merrimac  River  caused  by  thunder- 
>rnis  and  the  like,  and  has  suggested  that  the  increase  of  the  disease 
ght  be  partly  accounted  for  by  the  fact  that  considerable  infected 
iterial  had  collected  behind  the  dams  on  the  river  and  had  been  car- 
d  downstream  when  the  water  flowed  over  the  dams  in  considerable 
antities. 

This  raises  the  important  question  as  to  what  becomes  of  germs 
er  they  are  deposited  at  the  bottom  of  streams.  If  they  simply 
t  there  until  they  are  again  brought  into  circulation  by  the  scour- 
:  of  the  beds  in  floods  and  by  other  forces,  much  more  importance 
5  been  attached  to  sedim^tation  than  it  deserves.  But  it  would 
m  that  the  environment  of  the  bottom  of  a  stream  must  be  hostile 
germs  which  live  in  the  hmnan  body.  Jordan  has  pointed  out 
U  a  careful  examination  of  the  bed  of  Illinois  River  failed  to  reveal 
y  accumulation  of  sludge  from  the  large  amounts  of  sewage  it 
eives,  and  therefore  it  may  be  concluded  that  the  amount  of  avail- 
le  food  material  for  bacteria  at  the  bottom  of  streams  can  not  be 
ry  great.  It  is  conceivable  that  the  sewer  of  a  small  village  might 
made  to  discharge  into  a  pool  of  a  stream,  instead  of  into  the  cur- 
it,  and  so  convert  the  pool  in  times  of  low  water  into  a  place  favor- 
le  for  the  multiplication  of  germs,  which  would  bo  carried  into 
culation  by  a  sudden  flood,  with  disastrous  results.  But  these 
•tors  are  not  generally  considered  of  serious  import  as  afl'ecting  the 
lief  that  sedimentation  is  one  of  the  most  powerful  factors  in  purify- 
C  water.  Rather,  it  is  held  that  they  operate  only  under  special 
editions,  at  rare  intervals,  if  at  all.  However,  the  sediment  of 
vage-polluted  streams  would  undoubtedly  be  a  fruitful  fleld  of 
restigation. 

There  has  been  much  quibbling  over  the  question  whether  the 
ution  of  a  severely  polluted  stream  with  the  waters  of  a  pure  one 
3uld  be  considered  as  purification  or  not.  It  would  seem  that  the 
jult  achieved  is  clear — namely,  the  chance  of  drinking  typhoid 
rms  has  been  lessened.  In  that  sense  there  has  been  purification, 
t  it  does  not  necessarily  mean  that  there  luus  been  any  destrurtion 
food  material  nor  that  any  germs  have  been  killed. 
The  deaths  from  typhoid  fever  in  the  principal  cities  of  the  world 
5  shown  in  the  following  table  : 
IRR  192—07 18 
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TYPHOID  FEVER   AT   WASHINGTON,  CUMBERLAND,  AND  MOUNT 

SAVAGE. 

When  this  inquiry  was  begun  a  thorough  investigation  of  the 
typhoid-fever  mortahty  was  contemplated,  for  the  ravages  of  this 
disease  are  in  general  caused  by  the  contamination  of  water  supp 
by  privies,  cesspools,  and  sewers,  and  it  was  thought  that  no  better 
measure  of  financial  loss  through  river  pollution  could  be  had  than 
the  destruction  of  human  life  it  caused.     But  it  was  discovered  that 
none  of  the  four  States  in  which  the  basin  lies  had  registration  laws. 
Accordingly  this  study  had  to  be  confined  to  the  District  of  Columbia, 
where  the  records  extend  over  thirty-one  years.     The  law  has  been 
administered  with  great  fidelity  by  the  health  department,  which  has 
assembled  the  results  with  intelligence  and  discrimination.    It  is  to 
be  regretted  that  the  statistics  do  not  cover  the  entire  period  througk 
which  the  Potomac  has  been  the  water  supply  of  Washington,  but 
they  were  not  collected  from  the  troublous  times  of  the  civil  war 
until  August,  1874.     Effective  registration  really  began  in  January, 
1875,  and  only  from  that  dat^  on  are  the  results  of  value.     Rocentlj 
Pennsylvania  has  enacted  an  excellent  registration  law  and  Marr- 
and  has  adopted  one  which  it  is  hoped  may  prove  servnceable,  but 
Virginia  and  West  Virginia  have  none.     This  is  to  be  regretted,  for 
the  faithful  registration  of  births  and  deaths  more  than  repap  its 
cost  by  the  aid  it  gives  in  establishing  property  rights  and  in  sup- 
})ressiiig  child    murder.     Moreover,   by   the   lack   of   vital  statiistics 
sanitary  science  is  deprived  of  a  gr(»at  help  in  the  fight  against  com- 
municable* (liseas(\     Unh^ss  the  health  of  a  community  is  a  matt<^ 
of  knowledge,  of  record,  and  not  of  hearsay,  it  is  impossible  to  tell 
whetlier  its  condition  is  normal  or  whether  its  water  supply,  its  milk 
supply,  (^r  some  other  function  is  deranged  and  diseased.     It  is  to  be 
sincerely  hoped  that  tliis  defect  will  soon  be  cured  l)y  wise  legislation. 

At  Washington  the  undue  prevalence  of  t}q>hoid  fever  has  been 
caused  by  the  public  water  sup])ly,  which  has  been  taken  from 
Potomac  River  since  December,  1803,  and  which  wa^i  consumed 
without  purification  until  ()cto])er  5,1905. 

Some  of  the  other  factors  which  have  l)een  mentioned  as  produoinf 
typhoid  undoubtedly  are  responsible  for  a  part  of  the  cases.  There 
are  many  j^rivies  in  the  city,  and  they  have  in  all  probability  been 
at  times  foci  from  which  contagion  spread.  There  are  polluted  welb 
which  must  have  played  their  part,  (^ases  of  auto-infection  vere 
probal)ly  numerous.  vSmall  epidemics  caused  by  infected  milk  have 
been  traced  to  their  sources,  and  the  disease  has  been  brought  i^ 
from  outside.  But  the  typhoid  has  been  too  ccmstant  and  too  gen- 
erally distributed  in  the  city  to  lay  more  than  a  small  part  of  it  to  the 
door  of  these  sporadic  o\\l\>Teuks.    \V  ^'s.w  W  accounted  for  only  by 
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1  impure  water  supply,  and  it  now  remains  to  consider  what  scope 
L€  natural  and  artificial  forces  at  work  on  the  Potomac  give  to  the 
Teral  factors  that  favor  or  militate  against  bacterial  life.  Food 
Lpply  for  the  germs  must  be  plentiful,  being  furni^ed  by  the 
jmerous  sewers  and  privies  that  discharge  into  the  river,  the  dis- 
llery  wastes,  the  rinse  water  from  the  finished  goods  of  several 
jctories,  and  most  of  the  organic  wastes  received  by  the  stream, 
he  action  of  sunlight  is  regarded  as  only  mildly  inliibitory,  but  it 
IS  full  play  on  the  Potomac,  for  the  water  is  light  colored  and  is 
ear  except  during  rather  short  periods  of  freshets.  Moreover, 
luch  of  the  river  is  shallow,  so  that  the  light  rays  penetrate  quite  to 
18  bottom  over  considerable  stretches. 

In  the  early  days  of  Washington  the  feasibiUty  of  supplying  the 
ity  with  water  from  the  Potomac  was  considered,  but  it  was  not  till 
859  that  water  was  turned  into  the  aqueduct.  It  came  from  Dale- 
arlia  Reservoir,  then  wholly  supplied  by  Little  Falls  Branch.  This 
Bservoir  was  built  wdth  the  idea  of  affording  an  opportunity  for 
larification  of  the  water  by  sedimentation  as  it  passed  through, 
he  same  year  the  distributing  reservoir  in  Greorgetown  was  built. 
I  the  early  days  these  reservoirs  may  have  afforded  considerable 
t>tection,  but  with  the  present  daily  consumption  of  65,000,000 
lions  the  former  gives  a  storage  of  only  sixteen  hours  and  the  latter 

only  twenty-three  hours.  In  1902  the  Washington  city  reservoir 
is  put  in  use  and  gives  an  additional  storage  of  forty-five  hours. 
^  December,  1863,  water  from  the  Potomac  at  Great  Falls,  14  miles 
►ove  Washington,  was  received,  and  it  has  been  the  main  supply  of 
e  city  ever  since.  As  there  were  no  vital  statistics  kept  at  that 
aie,  it  is  impossible  to  say  what  effect  the  introduction  of  the  sup- 
y  had  on  the  public  health.  Indeed,  had  such  records  been  kept 
leir  interpretation  would  demand  great  caution,  for  it  was  at  the 
tne  of  the  civil  war  and  the  soldiers  of  both  armies  suffered  terribly 
om  typhoid,  as  may  be  seen  from  the  subjoined  figures  taken  from 
ie  Medical  and  Surgical  History  of  the  War  of  the  Rebellion.  The 
?ures  do  not  include  typhoid  malaria,  and  it  is  to  be  remembered 
lat  the  troops  did  not  operate  in  the  Potomac  basin  all  the  time, 
he  table  does  not  include  all  the  troops  operating  in  the  basin,  and 
>ine  of  the  cases  were  of  men  who  belonged  to  the  armies  cited,  but 
ho  were  U>mporarily  detached  therefrom  at  the  time  of  sickness, 
[owever,  the  figures  it  is  believed  give  an  idea  of  the  prevalence  of 
le  disease,  w^hich  is  all  tliat  is  desired.  The  armies  of  the  Confed- 
•acy  are  believed  to  have  suffered  more  heavily  than  did  those  of 
le  Union. 
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Typhoid  fever  in  Federal  Army  during  ciiil  vwr. 


Date. 


Army  of  the         Department  of       Department  of  Middle 

Potomac.  Shenandoah.      I  Western  Virginia         <iivis\oc 

Cases.  '  Deaths.  |  Cases.  I  Deaths.     Cases.  '  lX«alhs.    ('a«s.    ivaihv 


July,  1861-June,  1862 8,228  917  735  84 

July,  1862-June,  1863 8,442  1.323; '.... 

July,  1863-June,  1864. 1.803  220  1 ' 

July,  1864-June,  1865 t - 

I  I  I 


2.760  232 

655  79 

812  83 


819 


It  is  evident  that  the  whole  Potomac  drainage  area  was  thorougt 
seeded  with  typhoid  during  the  war. 

Other  events  have  had  an  intimate  relation  to  the  prevalence 
typhoid  fever  in  Washington."  In  1888  there  were  many  complai] 
against  the  character  of  the  water,  both  on  accoxmt  of  its  turbidity  a 
its  supposed  pollution.  Accordingly  at  that  time  Dalecarlia  Resen( 
which  was  still  fed  by  Little  Falls  Branch,  was  cut  out  of  the  sup] 
and  used  only  on  the  rare  occasions  when  repairs  to  the  aquedi 
made  it  necessary.  This  expedient  does  not  appear  to  have  had  a 
effect  on  the  typhoid  death  rate  of  the  city.  In  1893  it  was  decic 
to  divert  the  waters  of  Little  Falls  Branch,  Mill  Creek,  and  E 
Creek,  together  with  other  waters,  from  Dalecarlia  Resen'oir,  ii 
which  they  fed.  The  work  was  completed  May  27,  1895.  1 
typhoid  death  rate  of  that  year  was  53.7,  as  against  86.3  in  18' 
The  following  year  it  was  still  lower,  but  it  rose  again  in  the  th; 
succeeding  years,  yet  it  never  has  attained  the  figures  of  the  ye; 
immediately  preceding  the  execution  of  this  work. 

There  are  probably  mild  outbreaks  of  t>7)hoid  fever  at  one  orin< 
places  on  the  Potomac  watershed  ever}'  year,  but  two  well-niarl 
epidemics  are  on  record  which  produced  decided  effects  in  the  I 
trict.^ 

The  first  of  these  was  at  Cumberland,  Md.,  and  was  hrouj 
about  by  typhoid  dejecta  finding  their  way  into  Sulphur  K 
which  empties  into  the  Potomac  somewhat  above  the  wal 
works  intake.  The  trouble  began  about  December  10,  1880,  and  ^ 
not  quelled  until  the  beginning  of  June,  1S9().  In  all  485  cases  i 
97  deaths  of  the  disease  were  reported  in  Cumberland.  The  river' 
said  to  be  in  middle  stage  at  the  time,  and  soon  after  the  outbreal 
Cumberland  t}'])hoid  appeared  at  Hancock,  60  miles  downstre; 
Captain  Gaillard"^  estimates  the  time  of  (low  of  water  from  Cuml)erl 
to  Washington  as  from  four  to  seven  days,  but  the  diseai>e  did 
appear  in  unusual  measure  in  Washington  until  March,  1890. 
number  of  typhoid  deaths  ccmtinued  to  be  abnormally  high  after  1 
until  August,  when  it  was  not  much  above  the  usual  number  for 
city.     The  following  table  gives  an  idea  of  the  secjuence  of  the  dise 

a  Ann.  K<'pts  (  hiof  of  Knj;inHM<  I'.  8.  Atniy.  lS0:i-lS9.'). 
cAni^.  Uepl.  C\\\^^l  ol  YA\vi.V\\wts  V  .  ^.  \t\wn  ,  V^\. 
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aths  from  typhoid  fever  at  Cumberland  and  Washington^  January  to  July,  1S90. 


Deaths. 


Month. 


Cumljer- '    Waah- 
lami.        ington. 


Month. 


Deaths. 

Ciiralwr-     Wash- 
land         ington. 


19 
11  ' 


I  May. 

'  June. 

July., 


13 
24 
36 


le  second  epidemic  which  is  known  to  have  produced  calamitous 
Its  in  Washington  occurred  at  Mount  Savage,  Md.,  in  1904,  and 
studied  by  Dr.  M.  L.  Price,  whose  report,  by  the  courtesy  of  Dr. 
I  S.  Fulton,  secretary  of  the  Maryland  State  board  of  health,  is 
e  the  basis  of  this  account.  Mount  Savage  is  situated  on  Jen- 
sRun,  about  10  miles  west  of  Cumberland  and  185  miles  above 
hington.  The  town  lies  at  an  elevation  of  about  1,200  feet,  on  a 
ntain  whose  steep  sides  descend  abruptly  to  Jennings  Run  and 
nt  Savage  Run,  both  of  which  flow  through  the  town.  The 
bitants  are  mostly  employees  of  the  Union  Mining  Company  and 
le  Cumberland  and  Piedmont  Railroad.  They  live  largely  in  tene- 
t  houses  or  rows,  boarding  houses,  and  cottages,  which  are  scat- 
i  along  the  side  of  the  mountain  up  to  an  elevation  of  several 
Ired  feet  above  the  streams.  The  occurrence  of  house  epidemics 
ag  the  Union  Mining  Company's  laborers  is  favored  by  the  general 
of  household  furnishings,  which  makes  it  necessary  for  one 
sil  or  set  of  utensils  to  serve  a  whole  family.  In  the  majority  of 
lies  one  dipper  is  used  for  drinking  purposes,  water  being  taken 
I  a  common  bucket.  Cheaply  constructed  privies  are  in  universal 
md  receive  very  little  care,  for  every  heavy  rain  washes  the  excess 
Lcrement  into  the  streams.  Jennings  Run  is  at  all  times  grossly 
ited  by  human  sewage,  and  contains  a  miscellaneous  collection  of 
,  dead  animals,  and  refuse.  The  odor  during  the  day  is  usually 
isive,  but  becomes  sweet  whenever  a  heavy  rain  flushes  the  run 
carries  its  filth  into  Wills  Creek,  which  in  turn  delivers  it  to  the 
•mac.  The  water  of  Jennings  Run  is  unpotable,  because  it  is  very 
ily  polluted  by  mine  drainage,  which  ctmtains  free  sulphuric  acid 
large  quantities  of  iron  salts,  besides  sulphates  and  carbonates  of 


le  water  .supply  of  Mount  wSavage  was  obtained  from  15  private 
igs  and  3  artesian  wells.  After  the  epidemics  broke  out  several 
ese  were  found  to  be  contaminated  and  were  closed  by  the  county 
d  of  health.  The  roundhouse  of  the  railroad  company  has  an 
jian  well.  Only  one  of  its  125  employees  had  t}T)hoid  fever,  and 
certain  that  he  did  not  confine  himself  to  the  company's  well. 
l)rickyar(l  spring  was  the  only  source  of  water  known  to  have  been 
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specifically  polluted  by  typhoid  dejecta,  and  the  victims  of  the  epi 
deniic  were  confined  to  those  who  drank  from  it. 

The  outbreak  at  Mount  Savage  is  interesting,  for  we  have  here  a 
story  wliich  is  probably  repeated  yearly  at  one  place  or  another  on  the 
Potomac  watershed.  A  number  of  the  wells  were  polluted  by  human 
excreta,  no  care  whatever  was  given  to  the  privy  vaults,  and  the 
stream  that  ran  through  the  town  was  abominably  defiled,  yet  year 
after  year  went  by  and  Mount  Savage  was  not  scourged  by  any 
pestilence;  but  the  penalty  for  ignorance  and  neglect  was  paid  in 
full  when  the  germs  of  disease  were  introduced  into  the  midst  of  such 
conditions. 

July  4,  Mrs.  ,  who  occupied  a  small  house  about  300  feet 

above  the  brickyard,  on  a  rather  steep  incline  forming  the  north  bank 
of  Jennings  Run,  and  who  had  just  returned  from  nursing  her  brother, 
a  typhoid-fever  patient,  at  Luke,  Md.,  was  taken  ill  with  the  same 


Fio.  2.— Klovation  of  north  ])ank  of  Jonninps  Run,  showing  course  of  tlraiiiajLie. 

disoaso.  Tlu*  l)r()tlior  probably  c.oiitracted  the  disease  in  Piedmont, 
W.  Va.  Mrs.  —  — 's  infection  was  evidently  contracted  at  the  same 
place  or  from  her  hrother.  All  of  the  drainage  from  this  house  was 
conveyed  throiitrh  a  4  or  ()  inch  iron  })ipe  which  emerges  from  the 
ground  and  ends  40  or  50  feet  below  on  the  side  of  the  hill  (fig.  -'• 
This  niixcnl  drainage*  found  its  way  down  the  hill,  a  small  portion  <'f 
it  reaching  an  o[)en  drain.  A  road  runs  along  the  side  of  the  open 
drain,  over  a  hank  of  lire*  clay  al)ove  the  brickyard.  At  the  bottom 
of  the  fire-clay  hank,  a  short  distance  from  the  open  drain,  was  a 
large  llowing  spring,  which  furnished  an  abundant  supply  of  cle^r 
water  of  pleasant  taste  and  a[)pearance  and  of  agreeable  coolness. 
Tlu*  water  was  drunk  by  all  of  the  l)rickyard  employees,  about  200 
in  number.  During  the  early  part  of  July  heavy  rams  occurred,  wash- 
in^  surface  impurities  do\\i\  \\w  suV>  vA  V\\e  w\ountain  upon  which  the 
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cottage  was  located  into  the  spring  and  Jennings  Run.     July 

11,  about  one  week  after  Mrs. 's  arrival,  20  workmen  from  the 

brickyard  reported  to  Doctor  Murray,  the  company  doctor,  complain- 
ing of  headache,  backache,  lassitude,  and  digestive  disorders.  The 
strict  limitation  of  these  cases  to  the  brickyard  employees  and  the 
similarity  of  their  symptoms  suggested  a  common  source  of  mfection. 
Accordingly,  on  the  following  day,  July  12,  Doctor  Murray  posted  a 
aotice  declaring  the  water  bad  and  directing  the  discontinuance  of 
its  use.  Five  additional  men  reported  on  this  day  >\4th  typhoid 
prodromata.  From  the  railroad  and  other  shops  supplied  with  arte- 
sian water  no  cases  appeared.  The  brickyard  men  were  again  enjoined 
against  the  use  of  the  spring,  but  a  certain  number  continued  to  use 
it  during  the  succeeding  twelve  or  thirteen  days.  Additional  cases 
were  now  appearing  at  the  rate  of  five  or  six  daily,  and  some  of  the 
original  cases  were  showing  unmistakable  evidences  of  enteric  fever. 
July  25  Doctor  Murray  eflfectually  prevented  further  use  of  the  water 
by  the  destruction  of  the  spring,  mineral  ashes  and  fire  clay  being 
thrown  into  it  till  it  was  buried  several  feet  deep.  The  chemical  and 
bacteriological  reports  of  water  samples  drawn  by  Doctor  Murray 
were  received  by  this  time  and  indicated  that  the  brickyard  spring 
was  badly  polluted  and  that  other  wells  and  springs  in  the  town  were 
polluted  to  a  greater  or  less  degree.  Cases  of  typhoid  fever  continued 
to  develop  until  August  10,  sixteen  days  after  the  last  of  the  'brick- 
yard spring  water  was  drunk.  The  destniction  of  this  spring  by 
[)octor  Murray  effectually  removed  the  source  of  infection  and  ended 
he  epidemic,  but  with  the  arrival  of  Doctor  Price,  August  11,  other 
fr'ise  measures  were  taken.  The  most  important  of  these  had  for 
heir  object  the  prevention  of  a  secondary  epidemic  that  might  be 
aused  by  the  spreading  of  contagion  from  the  infected  stools  broad- 
ast  through  the  community  by  means  of  flies.  To  accomplish  this, 
he  privy  vaults  were  thoroughly  cleaned  through  the  cooperation  of 
he  I'nion  Mining  Company,  which  furnished  horses  and  men  to  carry 
►n  the  work.  The  method  adopted  was  the  digging  of  j)its  and  the 
mrying  of  the  vault  contents.  Those  contaminated  springs  which 
ould  be  sealed  were  closed  up  and  the  water  of  the  others  was  made 
mdrinkable  by  the  use  of  a  harmless  emetic,' such  as  copper  sulphate 
>r  alum.  In  this  work  the  Allegany  C;)unty  board  of  health  was 
ictive,  as  well  as  in  posting  notices  requiring  the  l)oiling  of  water, 
he  policing  of  front  yards,  and  the  use  of  earth  ashes  or  lime  in  the 
>rivies  to  cover  evacuations  as  soon  as  they  were  passed,  and  in  the 
ippointing  of  district  nurses  to  teacli  and  secure  personal  prophylaxis 
n  the  homes.  Disinfectants  were  used  in  the  stools  and  urine  of  the 
ick.  The  extermination  of  the  epidemic  was  due  to  the  efTective 
tooperation  of  the  local  physicians,  Doctors  Murray  and  Quarles, 
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with  officials  of  the  county  and  State  boards  of  health.     The  resul 
of  this  epidemic  up  to  August  17  were  as  follows: 

Statuiks  of  typhoid-fecer  epidemic  at  Mount  SavagCy  Md.,  Jiily  4  to  Augtut  17, 1904 

Total  number  of  cases 1 

Bed  cases 

"Walking  cases" 

Deaths 

Sick  August  17 

Convalescent  Aujjiist  17 

By  August  22  five  more  cases  had  appeared,  raising  the  total  to  12 
The  health  department  of  Washington  did  not  learn  of  the  epidem 
until  August  20,  when  it  sent  out  warnings  to  boil  the  Potomac  wat< 
The  step  was  a  commendable  one,  but  as  the  epidemic  in  Mou 
Savage  was  practically  over  at  the  time,  it  was  impossible  to  avc 
the'  consequences  of  the  early  cases.  The  effect  of  the  epidemic  < 
Washington  may  be  seen  in  the  following  table: 

Typhoid  cases  and  deaths  in  Washingtony  D.  C,  five  months  of  1902-1904. 


Month. 

1902. 

1903. 

1 

1904. 

Cases. 

Deaths. 

Cases. 

Deaths.  | 

_               ^ 

17 
2fi 
IS 
19 

8  1 

88 

Cases.      Deatl 

July 

130 
32J4 

247 
15<i 

1.151 

21 
39 
2.5 
32 
19 

136 

121 

188 
138 
148 
88 

(i83 

1 
101 

Aupiist 

Spptt'inbor. . 

22f) 
212 

October 

138 

Novemhpr. .. 
Total.. 

104 

781 

As  in  1902  and  1903,  the  number  of  cases  and  deaths  made  a  sudd( 
jump  in  August,  1904,  but  the  September  figures,  unlike  those  of  tl 
two  other  years,  remained  as  high  as  they  were  in  August.  In  Octobe 
1904,  there  was  a  quick  drop  in  both  cases  and  deaths,  which  was  m 
the  case  in  1902  and  1903.  It  is  evident,  therefore,  that  the  specif 
cause  of  typhoid  fever  in  Washington  in  1904  was  discovered  an 
removed.  Moreover,  the  prevak'uce  of  the  disease  was  synchronoi 
with  that  at  Mount  Savage,  whicli  it  is  known  was  stamped  ou 
Hence  it  is  concluded  that  the  typhoid  at  Mount  Savage  caused  thi 
in  Washington. 

It  is  interesting  to  note  that  the  germs  at  Mount  Savage  must  ha\ 
gone  pretty  directly  into  the  liighly  acid  watei's  of  Jennings  Run  ar 
then  into  the  acid  waters  of  Wills  Creek  before  reaching  the  Potoiua 
From  tliis  it  wouhl  seem  that  mine  waters  can  not  be  relied  on  tok 
the  typhoid  bacillus.  On  the  other  hand  it  should  be  remember 
that  the  supply  of  food  material  was  probably  abundant  in  the  init 
stages  of  the  journey  of  the  germs  to  Washington,  for  there  are  t^ 
tanneries  on  Wills  Creek,  and  the  sewage  of  Cumberland  must  a 
have  been  available. 
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Another  factor  which  has  influenced  the  degree  of  prevalence  of 
typhoid  fever  in  Washington  is  that  the  cities  and  towns  in  the  basin 
have  been  procuring  new  and  pure  water  supplier.  At  many  places 
the  information  was  given  during  this  investigation  that  typhoid  fever 
is  not  common  at  present,  but  was  so  before  the  new  water-supply 
Bjrstem  was  installed.  In  protecting  themselves  these  communities 
have  protected  others,  because  if  typhoid  fever  is  reduced  to  a  mini- 
mum the  privies  and  sewers  must  necessarily  turn  fewer  of  the  bacilli 
into  the  streams.  The  sources  of  the  water  supplies  of  the  most 
important    places  in  the  Potomac  basin  are  given  in  the  following 

table: 

Public  water  supplies  in  the  Potomac  hasin. 


my- 


Supply. 


I  When  introduced. 


w\i^}u^ut.vh {®!^'df:::::::::::::::::::::::;:;:::::::::::::::::: 

r.^i4..h..»  ¥*-  J  C>ri ven  wells 

r*ttjibmw.  I'a tMarah  Creek 

Two  deep  wells 

rNrib^^w  u^  Big  Tuscarora  Creek 

tmttfick,  MU Little  Tuscarora  Creek 

Fishing  Creek 

(Rock  spring,  one-half  mile  northwest  of  town 

!New  supply 
Buttermilk  Spring 
Springs  northwest  of  city 

iurtin,baqf.w.va ;{|gflS|Ymife  w^iorcityV.:;;:::::::::::::::::::: 

ftomjicry,  W.  V» !  Springs 

CbamtM^rahtirg,  l*a East  Branch  Conococheague  Creek 

Diffendal  reservoir  and  Ingram  Crock 

Raven  Rock  Run 

Warners  Hollow  Run 

, Antletam  Creek  (temporary) 

j  Mountain  brooks 

...do.... 

Artesian  well 

River  water 

Springs 

_,  „.  .  ^ Spring 

RiT«iton»  Va».*, Buys  water  of  Front  Royal,  Va 

Hjndmui,  1'b  . , , Mountain  spring 

fnwtbafg.  Ud, j^^^  WatVrCo.'.'from  artesian  wciVand's^^^^^^ 

Fiedmont ,  W.  Va Savage  River. 


HAgtmown.  )ld. 


BM.rrsonbuTi't  Va. 

KktoDp  Va. 

Wrota  Royal.  V*. 


Veiiemport>  Md Buys  water  from  Piedmont,  W.  Va. 

WnttT^  W .  Va Spring 

'  ftiHMuuirtiiv  11a  JEshleman  Spring 

fliBCTcartl^la. ispangler  SpVing  

B?fkp)py  Spr.njrH,  W,  Va Springs 

Ij>nM'ofliiig,  MhI Cnarlestowit Run *. 


^ AjnuRlmro,  \  a. Bakers  Spring. 

EtrfyvsU^,  Va,, Spring 

I<(H  oTmidlalmrg.  Pa Mountain  streai 


Lumv.  %'».,.... Spr  ng. 

Bi,^k-  City.  Va. do 

Mrhtrpflf^lfj^  W.  Va South  Fork  of  South  Branch. 

l£pTrflr*NTirK   Ph Trout  Run 

*lr..  :.i  .1 1  ru'.  Vii 

'  In.rli -^  I  nvTi.  W.  Va Spring  1  mile  west  of  town... 

fraiiklin.  W.  \n Spring 

WiWHlitock,  Va Springs 


Colonial  period. 

1894. 

1830. 

1893. 

1844. 

18G9. 

1891. 

1899. 

1845. 

1905. 

1849. 

1876. 

1873. 

1903. 
I  1871. 
!  1875-76. 

1881. 

1896. 

'  im). 

1902. 

'  1881. 

1886. 

1897-98. 
1891. 
1892. 
I 
1892. 
1892. 

1893. 
1896. 

imi. 

1894. 

1902. 

1894. 

1895. 

1897. 
'  1899. 

1900. 
I  1901. 
!  1901. 

190:^. 

1903-4. 

1904. 


The  only  places  of  considerable  size,  aside  from  Washington,  that 
me  Potomac  River  or  any  of  its  large  tributaries  for  a  water  supplj^ 

iare  Moorefield,  W.  Va.,  Cumberland,  Md.,  and  Brunswick,  Md.  Of 
these  Cumberland  is  the  most  important.  In  Brunswick  the  Potomac 
water  is  served  to  only  a  few  and  in  Moorefield  more  people  use  wells 
than  the  water  of  South  Fork. 
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The  minimum  flow  of  the  Potomac  at  Great  Falls  occurred  i 
and  was  1,063  second  feet,  and  the  maximum,  470,000  second-ft 
in  1889;  but  there  are  long  periods  every  year  when  the  flow 
second-feet  or  less.  Several  observers  have  noted  that  it  i 
times  of  low  flow  that  typhoid  fever  is  rampant  in  Washington 
investigation  points  to  the  same  conclusion,  as  is  shown  by  thi 
obtained  from  the  hydrograph  of  the  river  at  Point  of  Rocks. 
IX.)  It  is  to  be  regretted  that  the  gaging  station  is  above  il< 
River,  but  it  is  unlikely  that  the  addition  of  the  waters  of  that 
would  materially  alter  the  results  obtained  and  it  is  considei 
gularly  fortunate  that  it  was  possible  to  secure  both  stream 
and  vital  statistics  for  the  same  river  covering  a  long  period. 

PI.  IX  shows  for  the  years  1902,  1903,  1904,  and  1905  the  da 
of  Potomac  River  at  Point  of  Rocks,  the  daily  deaths  from  t 
fever  in  the  District  of  Columbia,  and  the  number  of  cases  of  t 
fever  reported  daily  at  the  health  office  of  the  District.  Th 
deaths  and  the  deaths  from  typhoid  fever  in  the  District  from 
1S74,  to  December,  1905,  inclusive,  are  shown  in  the  ta 
pages  281-282. 

PI.  IX  shows  that  typhoid  fever  is  prevalent  during  periods 
water,  while  there  are  comparatively  few  cases  in  the  portions 
year  when  the  water  is  high.     At  first  thought  these  result 
surprising,  for  it  would  perhaps  be  natural  to  expect  that  the 
of  excessive  typhoid  would  occur  in  flood  seasons,  when  u  ^ivc 
of  filth  and  excrement  arc  washed  into  the  river.     But  om' 
thoroughly  familiar  with  the  river  realizes  that  it   is  the  co 
recipient  of  large  amounts  of  fecal  matter  from  the  many  sowe 
nuillitude  of  privies  that  line  its  banks  and  that  the  scourin^rs 
mittently  washed  into  the  stream  are  small,  indeed,  compared 
excrement  that  is  every  day  dropped  into  it.     Therefore  it 
fectly  natural  that  when  this  everyday  defilement  is  concentra 
a  small  stream  flow  the  results  should  be  disastrous,  for  at  sucli 
when  typhoid  germs  are  present,  the  chances  of  one's  drinking: 
siderahle  dose  of  them  are  many  times  multiplied.     Typhoid  f( 
known  to  he  a  disease  of  suninier  and  autumn,  and  thercfo] 
bacilli  are  most  likely  to  be  in  the  stools  at  the  very  time  tlu 
low.     If  the  g'.Tiiis  are  not  present,  there  will  not  be  typhoid  in 
of  low  water.     It  can  be  seen  from  an  inspect i(m  of  the  diagral 
IX)  that   low  water  has  occurred  in  winter,  hut  that  there  hi 
been  a  large  increase  of  tyj)li()i(I  following.     It  would  be  fool: 
maintain  that  a  rain  never  brings  about  an  increase  of  typhoid  a 
i\w  users  of  Potomac  water.     It  may  do  so,  provided  it  washe 
large  (juantity  of  bacilli  and  does  not  at  tlie  same  time  bring 
such  a  dilution  of  the  water  containing  them  that  the  possihil 
drinking  them  is  no  grcaXev  V\\aw  \V  \\\\^  WW<^.    There  is  an 
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ancing  adjustment  between  dilution  and  concentration.  When- 
T  dilution  is  in  the  ascendant,  the  chances  of  drinking  typhoid 
•ms  are  reduced;  whenever  concentration  prevails,  the  reverse  is 
e.  It  is  conceivable  that  in  the  case  of  a  city  j)umping  water  from 
iver  there  might  be  an  opportunity  for  a  small  quantity  of  excreta 
)()sited  on  the  bank  to  be  carried  rapidly  past  the  intake  by  the 
y  flood  that  washed  it  into  the  stream,  at  a  time  when  the  pumps 
re  not  in  service  or  were  pumping  at  a  low  rate.  Thus  the  city 
uld  escape  infection  entirely  or  would  feel  the  efl'ects  thereof  only 
rhtly.  So  it  is  that  no  rigid  law  can  be  laid  down  concerning  the 
le  at  which  typhoid  fever  may  prevail  at  Washington,  for  it 
>ends  principally  on  the  play  of  three  factors — the  presence  of 
'  bacilli  in  the  water,  the  dilution  of  the  water  containing  them,  and 
'ir  concentrat^ion  in  it. 

There  are  two  distinct  types  of  water-borne  typhoid  epidemics, 
e  is  illustrated  in  the  case  of  New  Haven,  Coim.,  which  for  years 
|oyed  a  pure  supply,  but  was  suddenly  overwhelmed  by  an  epi- 
tnic  caused  by  the  careless  disposal  of  typhoid  defecations  on  the 
-tershed  and  their  sudden  precipitation  into  the  water  thereafter, 
lat  is,  the  city  for  years  enjoyed  a  considerable  degree  of  inmiunity, 
idenly  experienced  an  epidemic,  and  then  returned  to  another 
riod  of  immunity  with  the  passing  of  accidental  conditions.  To 
s  type  the  disease  in  Washington  does  not  show  a  resemblance, 
is  more  like  the  type  described  by  Whipple  and  Le\y«  in  their 
estigation  of  typhoid  fever  in  the  Kennebec  Valley  in  1902-3. 
re  the  towns  which  used  the  Kennebec  water  experienced  a  certain 
ount  of  typhoid  for  some  time  previous  to  the  epidemic,  which 
s  severe  enough  to  impeJ  the  citizens  to  an  investigation  of  the 
iditions  that  surrounded  them.  In  one  respect,  however,  the 
valence  of  typhoid  in  Washington  differs  from  that  in  the  Kenne- 

Valley.  There  several  large  towns,  (me  below  another,  drew 
ir  water  supply  from  the  river  and  sewered  into  it  as  well.  The 
ult  was  that  one  city  passed  the  contagion  on  to  another  and  that 
'  excessive  prevalence  of  the  disease  wtxs  extended  from  the  normal 
*iod  of  three  months  (August  to  October)  into  nine  months  (August 
April).  From  the  danger  of  such  a  position  Washington  is  happily 
ieved  at  present,  for  Cumberland,  Md.,  is  the  only  other  large  city 
Hie  basin  that  uses  the  polluted  river  as  a  public  water  supply.  If 
inswick,  Md.,  increases  its  present  limited  use  of  Potomac  water, 
h  increase  may  be  fraught  with  serious  consequences  to  Wa.shing- 
With  the  growth  of  tlie  cities  in  the  Potomac  basin  tlie  time  is 
ind  to  come  when  the  springs  and  mountain  ])ro()ks  tliat  now  sup- 

them  will  become  inadequate.     Then  they  will  have  to  turn  to 
river,  and  then  ccmditions  will  be  like  those  on  the  Kennebec. 


oJoum.  jVcw  KnglanU  Water  Works  As^oc.jVoXA^.'^Q.i, 
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THE    POTOMAC    RIVER    BASIN. 


In  the  last  thirty-one  years  there  have  been  5,085  deaths  in  Wash- 
ino^ton  from  typhoid  fever,  or  an  average  of  164  a  year.  If  the  deaths 
during  this  time  have  been  10  per  cent  of  the  cases,  as  experience  in 
many  places  shows  that  they  usually  are,  there  have  been  oO,tX)() 
cases  of  typhoid  fever,  or  an  average  of  1,600  a  year.  The  table  on 
pages  280  and  281  shows  to  what  degree  typhoid  fever  has  been  present 
in  Washington  since  the  disease  has  been  reported. 

Cases  of  typkoid  ftvcr  in  the  District  of  Columbia ^  1902-1906. 


Month. 

1902. 

1903. 

1904. 

17 
2:^ 
41 
25 
32 
41 
101 
22f) 
212 
138 
104 
38 

i9a^. 

TotiL 

J  aniiairy 

84 
42 
35 
39 
63 
57 
121 
188 
138 
148 
88 
54 

1 

31 
10 
23 
23 
28 
40 
123 

:m 

218 
154 

82 

.S3 

IS 

Fobruary  

n 

March 

Si 

52 

48 
130 
328 
290 
247 
156  : 
129  1 

!« 

Anril      

15 

mSv!;v;::::. .:.:::.:::.:::.:::::::.:::::::. :::::::::::::::... 

13 

J  un«'  

m 

Julv 

a 

August 

lOfi 

S^'pU'nilHT 

SI 

OctolKT 

c 

NovoiuIkt 

0 

Dt'COIIllXT , 

f.\ 

Total 

1.4(H)  1 

i,a-)7 

998 

1.106 

4630 

To  protect  the  District  of  Columbia  against  so  serious  a  menace 
a  filtration  plant  has  been  built,  at  a  cost  of  .$3,500,000,  which  it  is 
estimated  will  cost  §100,000  a  year  to  run.  I'ndoubtedly  the  ex|)endi- 
tiirc  is  a  wise  one,  ])ut  it  is  an  impressive  lesson  in  pollution.  More- 
over, the  end  is  not  yet,  for  if  the  pollution  is  unrestrained  the  ed 
resuhs  therefroni  will  make  the  water  more  difTicult  to  purify.  This 
im^ans  tliat  the  present  rates  of  filtration  can  not  be  maintained, 
which  will  add  to  the  cost  of  treating  the  same  amount  of  water  auJ 
necessitate  a  larger  plant.  Common  sense  demands,  therefore,  that 
some  cJHH'k  Ix*  j)laced  on  the  extravagance  of  needlessly  foulin<:  the 
riv(M',  for  wjiat  Washington  has  been  compelled  to  do  will  heconi? 
necessarv  for  other  cities  in  the  basin. 
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QUAMTY  OF  SURFACE  WATERS. 
FIELD  ASSAYS. 

[nasinuch  as  large  quantities  of  coal-mine  water  are  poured  into 
>rth  Branch  at  sundry  points  along  its  course  from  Henry  to  Pied- 
)nt,  W.  Va.,  it  was  deemed  advisable  to  investigate  its  effect  on  the 
er,  and  the  study  also  covered  the  changes  wrought  by  the  large 
lantities  of  lime  sludge  and  spent  lime  bleach  from  the  mill  of  the 
est  Virginia  Pulp  and  Paper  Company  at  Luke,  Md. 
Mine  waters  are  characterized  by  large  amounts  of  free  sulphuric 
id,  sulphates  of  lime,  magnesia,  and  alumina,  and  ferrous  sulphate 
iron.  The  protosulphate  of  iron  on  exposure  to  the  air  breaks  up, 
th  the  formation  of  ferric  hydrate  and  ferric  sulphate.  The 
drate  precipitates;  the  sulphate  remains  in  solution.  The  proto- 
phate  of  iron  has  a  very  destructive  corrosive  action  on  steam 
lers  and  the  sulphates  of  lime  and  magnesia  form  hard  incrusta- 
ns  on  them  which  can  be  removed  only  at  considerable  expense  and 
:  without  damaging  the  plates.  The  appearance  of  a  stream  con- 
ninated  by  mine  water  is  striking  and  somewhat  uncanny,  for  all 
^etable  and  animal  life  is  destroyed,  and  the  bright,  clear  waters 
ash  forbiddingly  over  the  bed,  which  is  stained  yellow  by  the  iron. 
Field  assays  were  made  from  September  20  to  23  and  from  October 
o  14,  1905.  The  first  trip  covered  the  river  from  Dam  No.  5,  above 
lliamsport,  to  West  Virginia  Central  Junction,  and  was  not  inter- 
ed  with  at  all  by  the  weather.  The  second  extended  from  Wil- 
lia  to  Piedmont,  W.  Va.,  and  was  very  satisfactory,  for  there  was 

rainfall  until  the  11th  to  increase  the  stream  flow  and  thereby 
ange  the  concentration  of  the  water,  which  was  at  low  stage. 
North  Branch  above  Henry  contains  but  a  trace  of  sulphates  and  is 
low  alkalinity.  The  mine  water  that  enters  at  Henry  through  a 
Lie  nameless  run  increases  the  sulphates  in  the  river  to  such  a  point 
at  the  lumber  company  at  Dobbin  has  been  compelled  to  abandon 
e  river  water  for  boiler  use. 

Between  Dobbin  and  Wilson  the  tributary  streams  have  no  sul- 
ates,  so  that  by  the  time  Wilson  is  reached  the  sulphates  liave  been 
uted  to  35  parts  per  million,  and  at  Bayard  the  sulphates  have  all 
t  disappeared  and  the  water  is  suitable  for  boiler  use.  Buffalo 
eek,  which  enters  at  Bayard,  is  said  to  be  polluted  by  mine  wastes, 
it  the  amount  received  must  be  small,  because  the  water  is  nearly 
rmal  for  the  region.  For  some  reason  wliich  could  not  be  ascer- 
ined  the  sulphates  in  the  river  between  Bayard  and  Gormania  rise 

30  parts  per  million.     Notwithstanding  the  fact  that  the  run  at 
oyer  adds  more  mine  water,  North  Branch  at  Stony  River  contains 
t  a  trace  of  sulphates. 
iRR  192—07 19 
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It  is  interesting  to  follow  the  chlorine  from  Bayard  to  Schcll.    Thf 
tanneries  wash  out  large  quantities  of  salt  from  the  hides  and  di^ 
charge  it  in  the  soaks.     Above  Bayard  the  river  contained  but  6 
parts  per  million  of  chlorine.     At  Gorniania  it  rose  to  34  parts;  inflow- 
ing waters  diluted  this  to  19  parts  at  Stony  River  and  to  14  parts  at 
Schell.     Samples  taken  below  this  point  were  collected  after  a  rain, 
so  that  the  results  are  not  comparable,  but  this  process  of  dilutioa 
undoubtedly  would  have  continued  regularly.     This  is  an  excellenl 
example  of  the  way  factory  effluents  may  be  traced  in  a  river  by ! 
selecting  some  characteristic,  readily  detectable  salt,  and  following) 
it  downstream.  i 

At  Schell  the  water  of  North  Branch  is  very  soft,  owing  to  the  fact  i 
that  it  has  received  the  waters  of  Stony  River,  which  are  remarkably  | 
low  in  dissolved  mineral  substances.  There  is  no  change  by  thai 
time  it  reaches  a  point  a  little  above  Harrison,  but  at  this  town  the : 
waters  of  Abram  Creek,  slightly  polluted  by  mine  water,  fall  in. 
From  Harrison  downstream.  Wolf  den  Run,  Three  Fork  Run,  and 
Deep  Run,  in  order,  join  North  Branch.  All  of  them  are  polluted 
by  mine  water,  and  Deep  Run,  which  drains  the  extensive  Elk 
Garden  coal  regions,  carries  a  heavier  quota  of  mine  waste  than  any 
other  stream  tributary  to  North  Branch,  with  the  exception  of 
Georges  Creek.  Despite  these  additions,  the  river  above  Elk  Lick 
Run,  near  Shaw,  W.  Va.,  does  not  contain  an  objectionable  amount 
of  incrusting  constituents,  though  the  total  hardness  is  considerably 
increased.  Above  Savage  River  the  total  hardness  becomes  low 
again  and  the  river  is  in  good  condition.  The  entrance  of  Savage 
River  and  of  a  small  volume  of  mine  water  below  it  does  not  chan^ 
the  water  very  much,  and  it  soon  after  flows  over  the  dam  of  the 
West  Virginia  Pulp  and  Paper  Company. 

In  the  entire  distance  from  Henry  to  West  Virginia  Central  Junc- 
tion the  tributary  streams  are  normally  low  in  ohjectional)le  niineral 
ingredients  and  by  dilution  counteract  the  mine  waters  which  are 
poured  into  the  river,  so  that  the  water  arrives  at  the  paper  com- 
pany's (lam  with  practically  tlie  same  mineral  content  that  it  has 
above  llenr).  This  is  somewhat  surprising,  for  prior  to  the  investi- 
gations it  was  believed  that  the  mine  water  was  so  considerable  as 
to  have  a  decidedly  deleterious  efl*ect  on  the  stream. 

A  sliort  distance  below  the  dam  the  factory  of  the  West  ViniiDia 
Pulp  and  Paper  Company  discharges  its  eflfluent,  consisting  of  car- 
bonate of  lime,  chloride  of  lime,  and  sulphate  of  soda,  into  North 
Branch.  The  ([uantity  is  so  great  that  it  converts  the  clear  stream 
into  a  turbid,  milky-white  one,  and  the  tests  applied  to  the  water 
showed  the  markeMl  effect  of  the  chemicals  on  it.  October  14,  1905, 
the  lime  rose  from  20  parts  per  million  above  the  dam  to  105  at  a 
point  opposite  the  Baltimore  and  Ohio  roundhouse  in  Piedmont,  th« 
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ealinity  rose  from  31  parts  per  million  to  44,  the  sulphates  from  a 
ice  to  56,  and  the  chlorine  from  9  to  29.  Thus  the  character  of  the 
ream  is  radically  altered  by  this  eflBuent,  and  it  is  still  further 
anged  by  the  influx  of  the  waters  of  Georges  Creek,  which  enter  at 
estemport  and  which  are  heavily  charged  with  mine  waters.  The 
iters  of  the  creek  when  they  imite  with  those  of  North  Branch 
act  with  the  matter  which  it  contains  in  suspension  and  solution, 
•ee  sulphuric  acid  combines  with  the  carbonate  of  lime,  producing  a 
ecipitate  which  makes  the  water  roily  and  may  be  observed  all 
e  way  from  Westemport  to  Keyser.  The  iron  salts,  including  the 
•ric  sulphate,  are  precipitated  in  the  form  of  ferric  oxide. 
September  23  there  were  in  the  waters  of  North  Branch  above  the 
m  at  West  Virginia  Central  Junction  26  parts  per  million  of  lime, 

of  alkalinity,  a  trace  of  sulphates,  and  9  parts  of  chlorine.  At 
?  Baltimore  and  Ohio  roundhouse  there  were  130  parts  of  lime,  47 
alkalinity,  117  of  sulphates,  24  of  chlorine,  and  1  of  iron.  Georges 
eek  contained  288  parts  of  calcium,  522  of  sulphates,  and  54  of 
n.  One  mile  below  Westernport,  North  Branch  contained  130 
rts  of  calcium,  6  parts  of  alkalinity,  185  parts  of  sulphates,  and 
\  parts  of  iron.  It  is  evident  from  these  results  that  the  sulphuric 
id  combined  with  the  carbonates  represented  in  the  test  by  alka- 
ity  to  the  extent  of  nejirly  eliminating  them.  The  sulphate  of  lime 
•med  thereby  was  considerable,  and  the  iron  for  the  most  part  pre- 
)itated  qut  or  became  obscured  by  dilution.  By  following  the  tests 
the  table  on  pages  287-290,  it  becomes  apparent  that  from  a  point 
nile  below  Westemport  the  alkalinity  steadilj^  increased  in  amount 
Dam  No.  5,  being  38  parts  per  million  2  miles  below  Keyser,  46 

the  Cumberland  waterw^orks  intake,  and  73  at  Dam  No.  5,  at 
illiamsport.  That  is,  after  partial  elimination  the  carbonates 
aded  to  return  to  the  normal  for  the  region.  Moreover,  the  sul- 
ates  dropped  steadily,  being  181  parts  per  million  2  miles  below 
jyser,  140  at  Cumberland,  and  but  a  trace  at  Dam  No.  5. 
This  extensive  precipitation  has  a  potent  influence  on  the  bac- 
ial  content  of  North  Branch,  for  the  sulphates  in  settling  out 
tangle  the  germs  and  drag  them  to  the  bottom,  tlms  decidedly 
proving  the  water.-  In  Georges  Creek  the  acid  waters  are  un- 
ubtedly  inimical  to  the  bacteria  and  tend  to  destroy  the  organic 
itter  which  is  so  abundantly  supplied  to  the  stream  at  the  numer- 
3  thriving  mining  towns  in  its  valley.  This  reduces  the  efi'ect  of 
?  pollution  of  Nortli  Branch  at  Westemport.  Finally,  as  has 
3n  shown  by  experiments  described  elsewhere ,«  tlie  waste  dis- 
sirged  by  a  soda  ])ii]i)  mill  is  a  powerful  germicide  and  an  excellent 
*cipitant  of  sewage. 


a  I^ighton,  M.  C,  Prelirninary  report  on  the  pollution  of  Lake  Chumplain;  Water-Sup.  and  Irr. 
er  No.  121,  U.  S.  Geol.  Survey,  19a=>.  ^ 


286  THE    POTOMAC   RIVER   BASIN. 

Togcether,  these  several  influences  efTect  so  considerable  a  reduc- 
tion of  the  bacteria  in  North  Branch  that  its  water  is  used  raw  br 
the  city  of  Cumberland  with  results  much  le^s  evil  than  the  gross 
pollution  of  the  watershed  would  lead  one  to  expect.     ^Miile  this  is 
fortunate,  it  is  to  be  remembered  that  the  purification  is  effected  hj 
a  number  of  factors  acting  independently  of  each  other,  without 
intent  of  improving  the  water.     A  diminution  of  the  output  of  the 
paper  mill  or  of  the  flow  from  the  pumps  at  the  mines  would  at  once 
interfere  with   the  purification  and  might  lead   to  serious  results. 
Fortunately,  the  stream  flow  is  usually  low  at  that  season  of  the  ve»r 
when  typhoid    fever  is  most  prevalent,  so    that  the  projKirtion  of 
chemicals  in  the  water  is  greatest  when  it  is  most  needed.    It  is 
inanifest  that  this  (juasi  purification  must  be  uncertain  and  that  it 
is  dangerous  to  depend  on  it.     Therefore  it  is  obvious  that  the  city 
of  Cumberland  should  install  proper  water-purification  works  with- 
out delay.     As  it  is  a  manufacturing  city,  and  as  the  sulphates  in  the 
North  Branch  water  at  this  point  are  sufficient  to  cause  some  trouble 
by  the  formation  of  hard  scale  in  boilers,  it  might  be  profitable  to 
establish  also  a  water-softening  plant.     The  amount  of  iron  in  the 
surface  and  subsoil  waters  of  North  Branch  above  Cumberland  is 
usually  great  enough  to  compel  the  use  of  casings  to  exclude  it  frofl^ 
wells  which  are  driven  for  industrial  enterprises. 

The  field  tests  made  on  the  waters  of  Wills  Creek  indicate  that  alwve 
Jennings  liun  the  water  is  low  in  incnistants.  The  run  is  he^vilv 
polluted  l)v  mine  water,  and  consecjuently  rnises  the  sulphates  in 
Wills  Creek  suiliciently  to  make  the  water  harmful  for  steam-produc- 
ing purposes.  The  assays  of  various  springs  and  wells  in  the  WiU> 
Creek  valley  show  them  to  differ  considerably,  the  water  in  some 
being  soft  and  in  others  very  hard. 

The  tests  applied  to  Conococheague  Creek  show  that  a  small  amount 
of  sulphates  is  usually  ])resent  and  that  the  water  has  a  vamng 
amount  of  temporary  hardness,  which  is  more  marked  in  the  waters 
of  West  l^ranch  than  in  those  of  the  main  stream. 

The  headwaters  of  the  Monocacy  about  Gettysburg,  Pa.,  to  wit. 
liovk  Creek,  Marsh  Creek,  Stevens  Run,  and  Willoughby  Run,  show 
different  characteristics  ])y  the  field  tests.  Mftrsh  Creek  water  is  the 
softest  and  gives  more  satisfaction  in  Gettysburg  for  boiler  use  than 
those  from  the  deej)  wells,  all  of  which  are  corrosive  and  hi^h  ifl 
incnistants.  Some  of  these  wells  will  very  likely  soon  be  abandoned 
on  account  of  these  bad  qualities.  I 


's 


FIEIvD   ASSAYS   OF   SURFACE   WATEB8. 


287 


Field  assays  of  waters  in  Potomac  River  basin, 
[Parts  per  million.] 
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Field  assays  of  waters  in  Potomac  River  basin — Continued. 


Stream. 


Date. 


North    Branch    Potomac    River  j 
above  pulp  mill  at  Luke,  Md.a 

North    Branch    Potomac    River 

opposite    Baltimore    and    Ohio 

roundhouse,  Piedmont,  W.  Va. . . . 

Do 

North  Branch  Potomac  River  at 
Piedmont,  W.  Va.6 

Oeowes  Creek  at  mouth 

Dd!!!!!!!!!!!!!!!!!]!"!!!!!!!!! 
Do.o I 

North  Branch  Potomac  River, 
West  Virginia  side,  1  mile  below 
Westernport.  Md 

North  Branch  Potomac  River, 
Maryland  side,!  mile  l)elow  West- 
ernport, Md. , 

North  Branch  Potomac  River, 
West  Virginia  side.  2^  miles  l)elow 
Westernport,  Md 

North  Branch  Potomac  River, 
West  Virginia  side,  1  mile  above 
Keyser,  W.  Va 

North  Branch  Potomac  River  at 
Keyser,  W.  Va.o 

New  Creek  a  i  mile  above  mouth 

New  Creek  at  mouth 

Keyser  city   supply    (impounded 

spring  water) 

Do 

North  Branch  rbtoniac  River  lie- 
low  Keyser,  W.  Vao 

Doa 

Doa 

i^orth  Branch  Potomac  Uiver  at 
Baltimoroaiul  Ohio  U.  K.  britlge 
21,  Maryland  side,  2  miles  Ik^Iow 
Keyser 

North  Branch^  Potomac  Kivor 
above  Cuml»erland,  Md 

North  Branch  Potomac  River  (hy- 
drant in  Cuml)orland,  Md.) «..'.. 

North  Branch  Potomac  Kivcr,  at 
Ridgelv  above  Cuml>erhind  wa- 
terworks intako '» 

North  Branch,  Potomac  Kivcr,  at 
Cuml>erland  waterworks  intake. . 

North  Branch  I'otomac  Kivcr.  M) 
feet  Ixdow  dam  at  Cumlwrhmd, 
Md.6 

North  Branch  Potomac  Kiver 
above  sewage  outfall  at  South 
ruml)erlana  *> 

Chesapeake  and  Ohio  Canal  at  l<K^k 
above  Dam  No.  .'i.  when^  canal  en- 
ters river 

North  Branch  Potonnie  Kivcr  U'-  j 
low  Dam  No.  ry ! 

Kilmer  Spring,  pulWic  water  sui>-  j 
ply,  Martinsl)urg.  W.  Va.fc I 

Public  water  supply,  llyndman.  Pa. 

Wills  Creek  west  of  H  vndman.  Pa.'' 

Wills  CriH^k,  100  yards  l>elow  tan- 
nery fc '...'. 

Wills  Creek  at  Corriganvillc  '> 

Jennings  Run  at  mouth  t» 

Braddock  Run  at  narrows  ^ 

Wills  Creek  at  Cuml^erland  f> 

Wills  Creek,  wo.st  si(ie,  2.(K)0  feet 
above  mouth  a 


July   14,1899 


Sept.  23,1905 
Oct.    14,1905 

Apr.     4,1905 
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Field  assays  of  waters  in  Potomac  River  basin — Continued. 
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Field  assays  of  waters  in  Potomac  River  basin — Continued. 


stream. 


Date. 


East     Branch     Little     Antiotam 

Creek  east  of  Waynesboro,  Pa. . .    Sept.  12, 1905 
Spanglers  Spring  at  Gettysburg, 

Pa Sept.   9,1905 

Well  of  Gettysburg  Brick  Co.  at 

Gettysburg,  Pa do. 

Well  oi  Gettysburg  Transit  Co.  at 

Gettysburg,  Pa 

Well  of  Western  Maryland  R.  R.  at 

Gettysburg,  Pa  *> 

Steam  "laundry  dug  well  at  Gettys- 
burg, Pa Sept.  10, 1905 

Gettysburg  Water  Co.'s  Well  No.  i  I 

1,  Getty8l)urg,  Pa Sept.  9, 1905 


.do. 
.do. 
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o  Alkaline  carbonates,  21  parts  per  million. 


^  Magnesium  pieaent. 


SANITARY  AND  MINERAL  ANALYSES. 
By  Raymond  Cutwater. 

Numerous  chemical  analyses  of  the  waters  of  the  Potomac  have 
been  made  during  the  course  of  this  investigation,  and  the  results  are 
given  in  the  accompanying  table.     It  is  very  difficult  to  draw  defi- 
nite conclusions  of  a  general  nature  from  these  sanitary  analyses. 
Inspection  of  the  various  places  on  the  river  and  its  tributaries  points 
to  a  considerable  pollution  at  practically  all  of  the  places  examined 
and  the  chemical  analyses  confirm  the  inspections.     Evidences  o( 
polhition  can,  in  some  instances,  be  seen  in  the  main  stream  after 
polhition  lias  entered  it;  yet  chemical  analysis  does  not  indicate  that 
tlie  water  is  mucli  more  polluted  at  Great  Falls  than  at  many  points 
farther  up  the  river  and  on  its  tributaries. 

The  tap  water  was  collected  in  the  McKinley  School  of  Manual 
Training.  The  water  s^ipplied  to  this  building  flows  from  the  river 
to  the  Dalecarlia  Reservoir,  thence  to  the  distributing  reservoir  in 
Oeorgetown,  and  tlience  to  the  Washington  City  Reservoir,  from 
which  it  flows  by  gravity  through  the  street  mains  to  the  laboraton'. 
None  of  tlie  water  supplied  to  Washington  during  the  progress  of  the 
chemical  examination  was  filtered. 

A  study  of  the  analyses  leads  to  the  following  conclusions: 

1.  The  variations  in  the  amount  of  each  component  have  been 
considerable,  and  these  are  to  a  certain  extent  unaccounted  for. 

2.  A  certain  proportion  of  the  variations  can  possibly  be  accounted 
for  l)y  the  variation  in  the  rainfall. 

.3.  If  these  analyses  are  of  accuracy  e(iual  to  those  obtained  bv 
previous  investigations  they  indicate  that  the  river  has  become  more 
impure,  the  figure  for  recpiired  oxygen  being  the  only  one  wliich 
shows  a  decrease. 
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e^  mineral  analyses  which  were  made  represent  the  main  stream 
^11  of  the  principal  tributaries,  and  it  is  believed  that  they  give 
i^sight  into  the  chemical  denudation  of  the  basin.  The  purpose 
ese  analyses  was  to  determine  the  amount  and  the  nature  of  the 
Ived  mineral  matter.  The  water  was  filtered  through  a  Pasteur- 
aberiand  filter;  measured  quantities  were  then  evaporated 
ly  to  dryness  in  porcelain  vessels,  after  which  the  evaporation 
completed  in  platinum  dishes.  The  residue  thus  obtained  was 
ted  with  hydrochloric  acid  and  twice  evaporated  to  dryness, 
~  which  it  was  redissolved  in  hydrochloric  acid  and  the  siHca 
separated  bj^  filtration,  ignited,  and  weighed.  The  residue  left 
p  treatment  with  hydrofluoric  acid  was  added  to  the  *^iron  and 
oina."  The  filtrate  from  the  silica  was  diluted  to  200  c.  c.  and  one 
ion  of  100  c.  c.  was  taken  for  the  estimation  of  iron  and  alumina, 
ium,  and  magnesium,  and  the  other  portion  for  the  estimation 
ulphuric  acid,  sodium,  and  potassium.  This  method  of  determin- 
sodium  and  potassium  is  preferable  to  the  common  one  of  sepa- 
Qg  sodium  and  potassium  in  the  filtrate  from  the  magnesium. 
s  unnecessary  to  detail  the  methods,  which  may  be  found  in 
idard  text-books  on  quantitative  chemical  analysis. 
)me  interesting  facts  are  brought  out  by  comparing  the  flow  of 
Potomac  with  the  analytical  results.  For  this  purpose,  the  gage 
lings  at  Point  of  Rocks,  Md.,  7  miles  above  the  Monocacy  River, 
3  used,  no  gage  being  maintained  by  the  United  States  Geolog- 
Survey  below  this  point.  As  most  of  the  analyses  were  of  sam- 
from  the  Washington  city  taps,  which  are  fed  with  water  diverted 
1  the  river  at  Great  Falls,  the  results  are  not  strictly  accurate, 
they  are  approximately  so. 

he  average  flow  of  the  Potomac  at  Point  of  Rocks  for  1005  was 
ulated  from  observations  made  by  the  United  States  Geological 
\rey  and  was  found  to  be  7,534  second-feet.  .Vs  the  weight  of  a 
ic  foot  of  water  is  28.8  kilograms  (62.4  poimds),  this  is  eciual  to 
.212  kilograms  per  second.  Calculating  the  total  amount  of 
er  flowing  pa.st  this  point  from  the  average,  we  have  for  the  year 
14,000,000,000  kilograms  or  liters.  From  the  figures  on  analyses 
:iave:  Total  solids  in  the  unfiltered  water,  146.1  parts  per  million; 
]  solids  in  soluticm,  114.6  parts;  in  suspension,  81.5  j)arts;  from 
ch  we  find  that  the  following  amount  of  material  is  carried  past 
point  in  the  course  of  a  year:  Total  solids,  1)82,000, OOO  kilograms; 
solution,  771,000,000  kilograms;  in  suspension,  212,000,000  kilo- 
ns;  or,  in  solution,  S50,()0()  tons;  in  susj)ensi()n,  284,000  tons, 
he  drainage  area  of  the  Potomac  above  (ireat  Falls  is  11,400 
are  miles.  By  comparing  this  area  with  the  amount  of  material 
ig  carried  down  in  suspension  and  in  solution,  th<»  following  figures, 
>v ing  the  average  amount  of  solid  material  being  carried  off  annually 
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from  each  square  mile  of  territory  in  the  Potomac  basin,  are  obtained: 
In  solution,  74.4  tons;  in  suspension,  20.5  tons;  total,  94.9  tons. 


Saniiary  analyses  of  surf  are  water  in  the  Potomac  basin. 
[Parts  per  million.] 


Stream. 


North  Branch  Potomac 
Kivor  above  Bayard.. 

Buffalo  Creek  at  mouth  . 

North  Branch  Potomac 
River  above  Gormania. 

North  Branch  i'otomac 
River  l>elow  Gor- 
mania <» 

Do 

Abram  Crock  at  mouth.. 

North  Branch  Potomac 
River  above  Savage 
River 

Savagt»  River 

North  Branch  Potomac 

River  above   mill   of 

West    Virginia    Pulp 

and  Paper  Co.  at  Luke. 

Do 

North  Branch  Potomac 
River  Iwlow  mill  of 
West  Virginia  Pulp 
and  Paper  Co.  at  Luke. 

Georges  Creek  at  West- 

ernport 

Do 

North  Branch  Potomac 
River  between  Keyser 
and  Piedmont '. 

North  Branch  Potomiu^ 
River  Ih'Iow  mill  at 
Keyser 

New  Creek  i  niih*  aliove 
mouth  <J 

New  CnM'k  at  month. . . 

North  Branch  I'otoniae 

River  l)i>Iow  Keyser  <'.. 

Do 

North  Hruneh  I'otoinae 
River  above  Cnnilwr- 

land 

Do 

Hydrant  in  Cnniberbind 

Cumberland  water  sup- 
Pl.v 

Wills  Creek  above  .k'n- 
nings  Run 

.lennings  Run  at  mouth  . 

Brud.l.K'k  Run  at  Alle- 
gany (Jrove 

Wills  ('re<>k  above  <lani 
of  United  States 
Lf'other  Co..  Cumber- 
land  

Wills  Creek  ai)ove  lialti- 
more  Street  li  ridge, 
CinnU'rland 

Wills  Cn'ek  1(H)  yards 
above  (lam  at  mouth  «. 

Patterson  Creek  at 
mouth 

North  Branch  Potomac 
River  at  (ire<^nspring. 

South  Brjineh  Potomac 
River  at  Franklin 
al)Ove  tannery 

North  Fork  (if  South 
Branch  Potomac  River 
above  South  Branch.. 


Date. 


Re- 
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oxy-   minold 
gen.      am 
imonia. 


Nitrogen  i 


Unflltered  witer. 


Feb.  27,1905     l.GS 
do 1.70 

Feb.  '2F>.190!}     2.15 


Oct.  6.18d9  26.42 
Feb.  25,1905  1.95 
Feb.  27.1905   .85 


Feb.  25.1905 
...do 


1.80 
.80 


July   14.1899     7.76 
Feb.  25.1905     1.45 
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.15 
.06 


.234 
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.09 


Free 
am- 
monia. 
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SamUtry  analyses  of  tap  water  at  Washington. 
[  Parts  per  million.] 
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Mintnd  antdytea  qfmafaee  waUn  in  PoUmnae  hatm, 
[Paru  per  mlUioii.] 
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Mineral  analyse*  of  surface  waters  in  Potomac  basin — Continued. 
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aoftteni) 


South 

River, 

Jam.  25, 

1905. 


I  Elk  Run 
I    below 
Elkton, 
1   Feb.  4, 
;     1905. 


11.37 

3.00 

33.74 

8.66 

.54 

Trace. 

10. 0 

7.19 

None. 

115.0 

3,500 


I 

Hawks-     HawkB- 

bill  bill 

Creek,       Creek, 

Jan.  26.  I    Feb.  3, 

1905.  1905. 

i 


I 


,  Shenan- 
doah 
River 

at 

mouth. 

Julv  4. 

lfl(M. 


11.47 
22.12 

2.77  , 

4.R9  I 
11.35  i 

2. 15  ; 
67.0 

2.17 

None. 

75.7 

1,500 


14.14 
11.30 
30.54 
9.11  ' 

None. 

None. 
13.5    ! 
11.3 

None.  I 

143.8 

3.500  , 


9.44 

37.95 

3.29  I 

5.17  I 

2.36  I 

None.  ] 

21.0    ' 

7.23  j 

None.  I 

117.0    I 

5,000  I 


10.84 

21.70 

40.52 

5.23 

1.0 

Trace. 

9.0 

6.22 

10.43 

96.90 

5.000 


South 

Patter- 

Branch 

son 

Potomac 

Creek  at 

River 

mouth. 

at 

Feb.  13, 

mouth. 

1905. 

Feb.  10, 

1905. 

10.  .M 

6.13 

7.00 

6.00 

51.47 

51.47 

4.48 

4.92 

Trace. 

.75 

Trace. 

.35 

8.0 

7.0 

163.0 

44.16 

None. 

None. 

112.0 

816.6 

1.500 


1,500 


Great 
Cacapon 
River  at 
mouth, 
Feb.  12, 
1905. 

Warm 
Spring 
Run  at 
mouth, 
Feb.  10, 
1905. 

opequon 

Creek 

at  Abrams 

Creek, 

Feb.  17, 

1905. 

• 

Antietam 

Creek  at 

mouth. 

Jan.  17, 

1905. 

Catoctin 

Creek,  Md., 

Jan.  19, 

1905. 

Mono- 

cacy 

River 

above 

Carroll 

Creek, 

Jan.  12, 

1905. 

Ot 

32.93 

64.51 

4.47 

3.50 

2.00 

Trace. 

5.0 

3.11 

None. 

96.9 

1,500 

27.60 

85.59 

5.80 

6.30 

7.80 

Trace. 
ft.O 
6.06 

None. 

145  3 

1,500 

9.46 

8.00 

78.64 

13.61 

4.08 

.15 

12.0 

64.92 

None. 

308.9 

1,?00 

4.4 

31.70 

.•i6.84 

1.90 

3.88 

4.00 

10.0 

11.78 

None. 

197.7 

1,500 

14.80 

19.48 

3.42 

2.80 

1.80 

Trace. 

7.0 

5.23 

None. 

39.4 

2,000 

6.90 

lOa,  AltOa 

2.73 

lfi.30 

2.63 

5.00 

2.71 

6.0 

s 

4.46 

h... 

None. 

:5)i:::::::::':::::::::::::: :: 

51.5 

Entity  analyzed  (cubic  cen- 
UnieterB) 

2,000 

Monthly  analyses  of  dissolved  mineral  matter  in  tap  water  at  Washiiujton,  D.  C. 
[Parts  per  million] 


1 

1904. 

im 

Jan.     f>l>.    Mar.    Aug. 

0.  lo!    6.621    5.41     e.Otil 

.67,30.191       .96      1.46' 

23.171  11.41    20.27    28.61, 

2.74I     .5.07     2.14     2.971 

.381    9.47I    2.a5       .97 

.  51  Trace  Trace  Trace 

6. 5  1     6.  5  i     6. 0  1     6.  5  1 

4.921     3  OCl  11.  18    10.5.'> 

None.  None.  None.  None. 

74.17,112.0  1  54.3     88.7 

20       10  1        10         10 

'            1            '            ' 

.\ver- 

OfcAiVo**.!!! 

|M»y,  Jane 

.     !!»'•    S.87 
.       .50     1.00 
.    I0,lf7,  13.90 
1     1.87,     'A  ru 

July, 

«.10 
^.93 

a  on 

Aug. 

11« 
12.67 
34.1:fT 

Sept. 

Sil(K 

o.sa 

£3.50 

4.u!    3.02 

t.3fl(    2.17 
48.51   ^H 

a^i  3«e 

4  17     5  14 

M.41 
*.29 

age. 

5.15 

4.63 

30  94 

4.62 

.      144 

.     ^.41 

.1     i7« 
.'  ILOt 

188 
4.51 
5.00 

.91!    ±^    3^47 
Tra(»  Tracts  Tm« 

4R\      Aa\      AH 

3.20 

TmctilTraMiTnwM'' 
4. 5  E    4  5      na 

n  20,    3.30     ^38 
7  i^  Tmee  .Vone. 

fi2 

5  02 

luoei   o^fisl  aecJ   9.64 

8  m 

1 

2.a'i 

Oa 

intity  (liters). 

•    ■-  — 

&4,7S 

la 

84.71, 

llJil 

10 

12L  1  .139. 3 
lOJ      10 

133.1 
10 

97.77 

298 


THE   POTOMAC   RIVER   BASIN. 


Determination  of  the  different  forms  of  carbon  dioxide  in  the  tap  water  at  Washiii^on.V.C. 


Date. 


1904. 

August  29 

SoptemlHT  17 

September  28 

f>cto»>er2<l 

November  10 

December  13 

l)eceml)er  Ifi 

December  22 
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19a>. 
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FoJ)nia'ry  4 

February  11 

Febmary  18 

February  25 


CO. 

HCO, 
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—    - 
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2.98 

U.9' 
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19.9 
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3.2 

5.9« 

109.0 

19.9 

•24.2 

13 

5.9« 
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•22.1 

27.9 

18 

5.96 
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11 
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25.4 
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iil 
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26.6 

1.U 
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11.5 
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75.7 

13. « 

3.0  ' 

.NoDf 
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16.0 

30.1 

HI 

None. 
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55.7 

18.9 

Sm. 

None. 

105. 9 

19.3 

22.2 

ti 

None. 

99.9 

18.2 

18.9 

ELATION  OF  SOILS  AND  FOREST  COVER  TO 
QUALITY  AND  QUANTITY  OF  SURFACE 
WATER  IN  THE  POTOMAC  BASIN. 


By  W.  W.  Ashe. 


EFFECT  OF  80IIi8  ON  TURBII>ITY  OF  WATER. 

GENERAL   DISCUSSION. 

The  turbidity  or  muddiness  of  the  Potomac  River  water,  which  to 
^  majority  of  the  users  is  considered  its  most  objectionable  quality, 
lerived  from  no  one  section  of  the  basin  and  from  no  single  geo- 
ic  formation  or  type  of  soil,  and  comes  in  part  from  land  of  gentle 
^dient  and  in  part  from  sections  where  the  topographic  features 
'■  stronger.  The  farming  land  furnishes  the  largest  amount,  but 
all  amounts  are  due  to  the  wash  from  woodland  on  certain  types 
soil.  Certain  parts  are  washed  from  roads,  and  some  comes  from 
5  cutting  away  of  their  banks  by  streams  during  freshets.  The 
^'bidity  during  freshets  is  unduly  increased  above  the  normal  by 
i  fact  that  the  more  rapid  current  again  takes  up  the  sediment 
posited  as  silt  beds  and  sand  bars  at  points  of  slack  water  during 
riods  of  slower  flow,  and  by  the  additional  fact  that  on  very  few 
the  tributaries  are  there  flood  plains  to  form  natural  settling  basins 
*  some  of  the  heaviest  silt. 

Turbidity  of  the  Potomac  is  not  a  recent  phenomenon.  The  silt 
d  clay  which  the  older  geologic  formations  west  of  the  Blue  Ridge 
ve  contributed  to  the  building  of  the  Coastal  Plain  were  washed  in 
iddy  streams  from  their  valleys  of  shale  and  limestone.  The 
^dmont  region  has  also  contributed  its  share.  The  deep  gorges  and 
'ines  which,  starting  at  the  river,  ramify  through  the  soft  schists, 
Jes,  and  sandstones  that  form  this  portion  of  the  Piedmont  region, 
licate  that  natural  erosion  of  the  friable  soils  has  been  proceeding 
a  rapid  rate. 

The  fertile  red  soils  arc  not  entirely  responsible  for  the  turbidity; 
'   broken  topography,  the   long,  warm  sunmier,  and  heavy  inter- 
t tent,  rainfall  are  also  active  factors,  and  when  these  occur  together 
'bidity  is  an  inalienable  accompaniment  of  a  rapid  stream. 
IRR  192—07 20  ^^ 


300  THE   POTOMAC   RIVER    BASIN. 

In  a  humid  climate  farther  north  the  growing  season  is  short,  the 
nitrifying  and  oxidizing  capacity  of  the  soil  lower;  humus  rapidly 
accumulates,  both  in  woodland  and  in  tilled  land;  the  porosity  of  the 
soil  is  maintained,  and  granulation,  even  in  a  heavy  soil,  seems  to  be 
almost  a  natural  condition.  The  heavj^  humus  content,  with  the 
concomitant  porosity,  whether  in  a  forest  soil  or  in  tilled  land,  pro- 
motes absorption  and  retention  of  rainfall  and  minimizes  erosion. 

Similarly,  sod,  which  is  maintained  with  difficult}^  in  the  desiccating 
autumn  climate  of  the  South,  naturally  sets  in  a  cooler  climate  in 
ditches,  on  stream  baAks,  and  in  waste  places,  and  forms  nearly 
as  perfect  a  protection  against  erosion  as  a  forest  cover.  In  those 
sections  where  thick  sod  does  not  form,  a  forest  cover  is  the  best 
protection  against  erosion  on  steep  land. 

The  conditions  which  surround  the  upper  headwaters  of  North 
Branch  of  Potomac  River  above  Cumberland  are  largely  those  which 
determine  the  clearness  of  northern  streams;  and  imtil  it  reaches 
Cumberland  it  is  a  clear  stream.  Below  Cumberland  there  is  a  rapid 
change;  both  the  soil  and  climatic  conditions  become  more  favorable 
for  increased  muddiness,  reaching  the  optimum  conditions  just  above 
Washington  and  in  the  Shenandoah  and  Cumberland  valleys. 

The  present  turbidity,  however,  is  excessive.  The  washed-out 
beds  of  the  smaller  streams,  extending  in  places  from  hill  to  hill 
without  banks,  and  the  many-gullied  and  thin-soiled  slopes  all  indi- 
cate that  erosion  is  taking  place  now  more  rapidly  than  formerly  and 
that  the  turbidity  is  greater.  Its  further  increase  from  certain 
sources  can  be  checked,  and  it  can  undoubtedly  be  considerably 
lessened  from  other  sources,  to  th(»  general  benefit  of  the  vaEeys.fts 
well  as  to  the  iniprovenient  of  the  potability  of  the  water. 

While  the  turbidity  is  from  many  different  sources,  the  greater 
part  of  it  is  from  the  wash  from  steep  or  badly  tilled  cleared  land 
Where  it  is  the  fault  of  the  manner  of  tillage,  more  rational  culturnl 
methods  can  (eliminate  or  reduce  it.  WIktc  it  is  from  the  erosion 
of  steep  land  and  can  not  be  prevented  by  better  methods  of  cultiirf- 
and  it  is  evident  that  the  amount  and  rapidity  of  the  erosion  are  such 
as  to  jeopardize  the  future  earning  power  of  the  land,  this  land  and 
other  areas  of  the  same  character  that  are  yet  in-  timber  should  be 
regarded  as  forest  land  and  nonagricultural.  Far  higher  and  more 
potent  reasons  than  the  clarification  of  the  water  demand  the  with- 
drawal of  the  land  from  a  use  which  means  its  ultimate  loss  of  earning 
power,  to  be  preserved  by  applying  it  to  a  different  use  as  an  active 
factor  in  the  nation's  future  wealth. 
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SOILS   BAST   OF   THE   ALLEGHENY  FRONT. 
SOIL   FORMATIONS. 

The  important  soil  formations^  of  the  Potomac  River  basin,  east 
the  Allegheny  Mountains,  are  the  Cecil  soils,  marked  by  stiff, 
ivy,  usually  red  subsoils,  heterogeneous  in  texture,  underlying 
>re  friable  and  looser  surface  soils;  the  Chester  series,  until  recently*^ 
luded  in  the  Cecil,  distinguished  by  lighter,  less  coherent,  and 
lally  more  micaceous  soils,  which  are  more  subject  to  erosion  than 
her  the  Cecil  or  Penn  soils,  represented  on  the  Potomac  watershed 
only  two  soil  types,  the  Chester  mica  loam  and  Chester  loam;  the 
nn  series,  dark-red  soils  and  subsoils,  more  homogeneous  in  texture 
in  the  Cecil  soils  and  resembling  them  in  cohesion,  but  far  less 
able  than  the  Chester  soils;  the  Hagerstown  series,  generally 
avy  limestone  soils;  the  yellow  shale  soils,  compact  yellow  or  red- 
ih  clays  or  leachy  gravel;  the  Upshur  series,  dark-red  shallow  loams 
d  sandy  loams,  and  the  Dekalb  series,  gray  somewhat  sandy  soils, 
ually  shallow,  stony,  and  coarse  grained. 

The  first  five  are,  as  a  rule,  valley  types,  and  when  not  on  steep 
>pes  are  generally  farmed.  The  Upshur  soils  are  partly  cleared, 
t  are  little  farmed.  The  Dekalb  series  are  largely  mountain  types. 
ley  are  but  little  cleared  and  where  cleared  are  largely  in  grass. 
The  Cecil  and  Penn  soils  are  largely  drained  by  the  streams  east  of 
5  Blue  Ridge,  only  small  areas  of  these  types  lying  on  its  western 
e.  The  other  soils  very  largely  lie  to  the  west  of  the  Blue  Ridge, 
e  Cecil  and  Chester  soils  are  responsible  for  most  of  the  turbidity 
the  Piedmont  streams  of  the  South  Atlantic  States, 
rhe  streams  east  of  the  Blue  Ridge  contribute  verj^  largely  to  the 
bidity  of  the  Potomac,  and  it  is  probable  that  they  add  a  large, 
lot  the  largest,  part  of  the  coarser  silt  that  is  brought  down  during 
sons  of  medium  heavy  rain,  with  li  to  2  inches  of  rainfall  dis- 
buted  over  a  period  of  twenty-four  to  thirty-six  hours.  The  pre- 
iling  soil  types  are  of  the  Penn  and  Cecil  series,  which  are  usually 
sufficient  depth  for  cultivation,  but  in  many  of  their  phases  loose 
i  incoherent,  and,  if  denuded,  eroding  under  moderate  rains, 
eir  tendency  to  wash  is  increased,  especially  near  the  river,  by 
>ir  situation  on  steep  slopes. 

CECIL    AND    CHESTER    SOILS. 

^^cil  silt  loam  is  a  gray  soil  of  line  texture  derived  from  the  decay 
partly  metamorphosed  sandy  shales.  On  surfaces  which  are  at 
steep  it  erodes  badly,  forming  deep  gullies  down  to  the  undecom- 

ho  classification  and  nomenclature  of  soils  used  in  this  paixr  >ir<'  those  adoptcil  by  tho  Bumnn  of 
>Us,  Department  of  Agricultiin\    In  no  sense  are  they  geologic,  ami  the  names  should  not  becou- 
1  with  the  names  of  geologic  formations, 
ail  Survey  Field  Book,  U.  S,  Department  of  Agriculturo,  1W&,  p.  \Q%. 
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posed  rock  from  which  it  was  formed,  and  entirely  destroying  the 
value  of  the  land  for  farming  purposes.  Its  composition  is  such  that 
its  washings  add  a  very  fine  and  undesirable  matter  to  the  water. 
The  mechanical  analyses  <»  of  this  soil  made  by  the  Bureau  of  Soils 
from  a  sample  3  miles  east  of  I^esburg,  Va.,  give  it  the  following 
percentage  of  silt  and  clay:  Silt  (0.05  to  0.005  nmi.),  60.06  per  cent; 
clay  (0.005  to  0.001  mm.),  22.80  per  cent. 

Most  of  the  areas  of  this  soil  on  the  basin  are  badly  situated  to 
prevent  washing.  Some  of  the  largest  are  on  the  south  side  of  the 
river  at  the  mouth  of  Ooose  Creek,  where  the  rough  topography— 
the  river  hills  being  steep  and  200  or  more  feet  high — is  unfavorable 
for  clean  tillage.  Other  areas  lie  on  the  steep  upper  slopes  of  Broad 
Run  and  below  that  stream,  all  close  to  the  river,  and  frequently 
showing,  in  spite  of  attempts  at  careful  cultivation,  gullying  and 
washing.  The  agricultural  limits  of  the  soil  are  partly  recognized, 
and  less  than  one-half  of  these  areas  are  cleared.  It  does  not  hold  a 
grazing  sod,  and  when  the  slope  becomes  at  all  steep  it  ceases  to  be 
an  agricultural  soil  and  its  earning  capacity  in  such  situations  can  be 
perpetuated  only  by  retaining  it  in  timber.  The  forests  are  largely 
of  black  oak,  chestnut  oak,  scarlet  oak,  and  pitch  pine.  Its  situation 
so  close  to  the  river  and  the  relatively  short  distance  above  the  intake 
of  the  Washington  water  supply  render  the  protection  of  this  soil 
from  further  erosion  important.  The  humus  formed  is  not  deep 
except  in  the  bottom  of  the  deep  hollows,  and  in  spue  of  it  some 
erosion  takes  place,  the  run-off  from  wooded  areas  of  this  soil  being 
slightly  turbid. 

The  Chester  mica  loam  is  a  loose,  incoherent,  red  soil,  derived  from 
mica  schist.  On  steep  surfaces  it  washes  badly  and  considerable  soil 
transportation  habitually  takes  place.  On  account  of  its  composi- 
tion, 25  per  cent  being  day  and  about  80  per  cent  fine  silt,  such 
wasliing  adds  an  object ionabh*  clement  to  the  water.  This  soil  occurs 
in  small  areas,  along  the  eastern  base  of  the  Catoctin  Mountains,  in 
Virginia;  in  larger  areas  in  the  eastern  part  of  Frederick  County, Md., 
on  Monocacy  River;  in  Montgomery  (\)unty,  Md.,  on  the  upper  waters 
of  Seneca  Creek;  and  in  the  lower  portion  of  Fairfax  County,  Va. 
On  Seneca  Creek  it  is  extensively  farmed  and  contributes  much  to  the 
objectionable  turbidity  of  that  stream.  Where  level  and  undulating 
it  does  not  erod(^  so  rapidly,  but  on  steep  slopes  a  great  deal  of  badly 
gullied  land  can  be  seen,  and  in  such  situations  it  ceases  to  be  a  farming 
soil  and  its  preservation  is  possible*  only  by  keeping  it  in  forest.  It 
is  not  a  good  grazing  soil,  becoming  too  dry  in  the  autumn.  The  char- 
acteristic forest  growth  on  this  soil  is  composed  of  chestnut  and 
chestnut  oak  on  the  better  phases,  and  scarlet  oak  and  pitch  or  Jersey 

o  YVe\d  Oy^jtwVvou*,  V903,  p.  223. 
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ne  on  the  drier  portions,  usually  with  an  underwood  of  mountain 
urel.  The  humus  varies  from  good  to  thin.  When  this  soil  is  in 
rest  there  is  Httle  washing.  A  large  area  of  this  type  has  been 
?ared,  and  much  of  it  has  deteriorated  appreciably.  The  roads  on 
is  soil  wash  very  badly,  often  being  several  feet  below  the  surface 
^el.  The  beds  of  streams  also  are  much  washed,  and  they  are  often 
thout  banks;  turbidity  comes  from  both  sources. 
The  Cecil  clay  loam  is  a  dark-red  soil  having  an  extensive  distri- 
ition  on  Monocacy  River  in  Adams  County,  Pa.,  and  Frederick 
>unty,  Md.,  and  is  extensively  cleared  and  used  for  farming.  Soil 
ansportation  steadily  takes  place,  and  while  gullies  are  not  formed, 
ere  is  a  constant  and  uniform  removal  of  soil  from  even  moderate 
>pes.  Fortunately,  it  is  in  few  places  deeply  dissected,  and  careful 
ethods  of  tillage  can  do  much  to  reduce  turbidity  from  these  soils, 
grasses  only  moderately  well.  The  remaining  forest  is  of  oak  and 
ckory  and  forms  a  sufficient  humus  to  insure  protection. 
The  Chester  loam  and  Cecil  clay  form  large  areas  on  Monocacy 
iver  in  Carroll  and  Frederick  counties,  Md.,  on  Seneca  Creek  in 
ontgomery  County,  Md.,  and  on  Broad  Run  and  other  small 
reams  in  Loudoun  and  Fairfax  counties,  Va.,  between  Broad 
un  and  Great  Falls.  They  also  form  extensive  areas  in  upper 
oudoun  County  and  in  western  Frederick  County,  on  the  two 
atoctin  creeks  and  at  the  head  of  Goose  Creek.  These  soils  are 
?rived  largely  from  the  Catoctin  schist  and  graniU*  and  from  other 
ica  schists.  They  are  light  brown  or  red  in  color,  deep,  and  rather 
>rous,  but  the  lighter  phases  are  often  incoherent  and  when  dry 
uch  resemble  the  mica  loams  in  texture  and  behavior  toward 
ater.  While  they  form  large  areas  of  productive  and  well-farmed 
nd,  considerable  washing  takes  place,  especially  in  the  spring,  when 
iw-plowed  surfaces,  already  saturated,  are  exposed  to  heavy  rains, 
id  this  washing  increases  with  the  gradient.  The  surface  of  these 
n\Sj  especially  near  the  mountains  and  along  the  river,  is  deeply 
irved  into  high,  rolling-topped  hills,  the  stream  valleys  in  many  places 
»ing  200  to  300  feet  deep.  Only  an  insignificant  portion  of  these 
>ils  remains  uncleared,  and  while  they  generally  grass  well,  there 
on  steep  land  considerable  gullying.  In  Virginia,  excei)t  on  Catoc- 
n  Creek,  these  lands  are  mostly  held  in  large  estates  and  are  used 
>r  grazing,  some  of  the  sod  not  having  been  turned  for  sixty  years. 
1  Maryland  they  are  divided  into  small  farms  and  tillage  is  the  rule, 
oads  wash  badly  on  these  soils,  and  the  beds  of  the  smaller  streams, 
♦pecially  on  the  Maryland  areas,  are  badly  eroded  and  much  enlarged, 
le  banks  being  steep,  naked,  and  cut  back  to  the  base  of  the  hill  on 
ther  side.  On  account  of  the  fertility  of  these  soils,  clearings  have 
?»en  extended  to  slopes  which  are  much  too  steep  even  forgrazing,  - 
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aiul  several  thousand  acres  of  such  sloi)es  lying  in  deep  hollows  can 
hav(»  the  soil  retained  only  by  reforesting.  The  mechanical  analyses 
of  the  Bureau  of  Soils  show  that  from  50  to  70  per  cent  of  these  soils 
consist  of  clay  and  fine  silt.  On  account  of  their  extensive  area  and 
situation  on  steep  slopes  close  to  the  river  and  only  a  short  distance 
above  the  Great  Falls  intake,  they  contribute  much  to  the  turbidity 
of  the  Washington  water.  The  forests  are  of  oak  and  hickory  on  the 
heavier  phases;  chestnut  on  the  lighter.  Humus  on  both  types  is 
good,  and  where  forested  there  is  no  appreciable  erosion,  except  on 
the  st-eepest  slopes  during  very  heavy  rains. 

PENN  aoius. 

The  Penn  soils  cover  extensive  areas  in  the  valley  of  Monocacy 
River  and  also  on  the  lower  part  of  Goose  Creek.  The  heavier  mem- 
bers have  usually  a  rolling  surface,  and  there  is  sufficient  cohesion  to 
prevent  excessive  erosion,  which  is  also  reduced  bj^  the  fact  that  the  soils 
grass  very  well  and  are  excellently  tilled.  Many  of  the  areas  lie  close 
to  the  larger  streams,  and  some  steep  banks  have  been  cleared  which 
would  have  held  better  in  timber.  Roads  wash  somew^hat;  stream 
beds  only  slightly.  These  soils  are  largely  cleared.  The  forests  were 
of  oak,  hickory,  walnut,  and  ash. 

The  Penn  shale  loam,  on  the  other  hand,  which  is  a  dark-red  soil, 
extending  southwest  from  Gettysburg,  Pa.,  in  a  broad  belt,  imdergoes 
continuous  erosion.  A  groat  portion  of  it  is  genth^  rolling,  but  near 
the  larger  streams  it  is  nnich  broken,  and  since  it  does  not  grass  well 
much  erosion  takes  place  from  cultivated  land  in  such  situations. 
Erosion  is  usually  in  the  manner  of  uniform  soil  transportation,  result- 
ing in  the  gradual  thinning  of  the  entire  slope  and  not  in  the  forma- 
tion of  gullies.  Some  of  the  cleared  slopes  are  too  steep  to  justif}' 
tillage.  This  soil  has  from  50  to  SO  per  cent  of  fine  silt  and  clay,  and 
undoubtedly  the  steeper  gradients  contribute  to  the  turbidity  of  the 
Potomac.  The  smaller  stream  valleys  are  shallow  and  broad, and 
there  is  little  erosion  from  them.  Pitch  and  Jersey  pines,  with  scarlet, 
black,  and  cliestnut  oaks,  and  in  some  places  chestnut,  form  the  forest. 
Tliere  is  considerable  old  field  pine.  This  type  of  forest  forms  only  a 
thin  lunnus,  but  there  seems  to  he  very  little  washing  from  beneath  it. 
The  greater  i)art  of  this  soil  is  cleared. 

LIMESTONE    SOILS. 

The  limestone  soils  of  the  liagerstown  series  of  the  classification  of 

the  Bureau  of  wSoils  constitute  tlie  most  sought  for,  best-fanned,  and 

highest-priced  soils  of  the  Potomac  basin.     Together  with  simie  cal- 

ciiroous  and   argillaceous    shale    soils  they    form  more  than  three- 

foiirths  of  the  cleared  \am\  V\\  VW  \vv\\v>\  vAN\\^\wv«l  ^nd  the  Cumber- 
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land  Valley.  The  Hagerstown  clay  is  a  residual  soil  from  the  weather- 
ing of  the  purer  limestones,  and  represents  the  less  soluble  portion  of 
the  rock.  The  loamy  and  sandy  phases  are  from  limestone  that  is  less 
pure  and  has  more  quartz  veins  in  it,  and  more  and  coarser  insoluble 
residue  has  been  left  to  form  the  soil;  or  they  are  derived  from  shales. 
On  gentle  slopes  there  is  very  little  erosion  of  these  soils.  There  is 
more,  however,  on  the  heavy  types,  where  the  compact  texture  of  the 
clay  greatly  impedes  absorption,  than  on  the  looser,  more  porous 
types.  On  steeper  slopes  there  is,  at  least  on  the  heavier  soils,  con- 
tinual though  often  slight  transportation,  wliich  reaches  its  minimum 
^rhen  the  soil  is  in  permanent  sod  or  in  timber.  On  account  of  the 
f  ertihty  of  these  soils,  and  especially  their  high  productivity  in  wheat, 
they  are  in  constant  cultivation  under  a  short  rotation,  including  both 
com  and  wheat  as  well  as  hay. 

While  the  gradients  are  usually  slight  on  these  soils  in  the  C^imber- 
land  Valley,  in  the  valley  of  Virginia,  and  in  the  smaller  areas  on 
Monocacy   River  in  Adams  County,   Pa.,   and   Frederick  County, 
Md.,  yet  there  arc  local  areas,  especially  contiguous  to  the  larger 
streams,  where  the  slopes  are  very  steep,  and  many  badly  eroded  fields 
are  to  be  seen  in  such  places.     Even  when  deep  plowing  and  careful 
tillage  has  prevented  excessive  gullying  on  steep  slopes,  rapid  soil 
transportation  takes  place,  though  it  is  largely  distributed  over  the 
entire  surface,  and  the  .soil  after  each  heavy  rain  is  left  thinner  than 
before,  and  this  unchecked  waste  portends  its  ultimate  depaupera- 
tion.«    In  fact,  this  has  already  taken  place  on  extensive   ureas  of 
tniestone  soil,  which  are  closely  similar  to  the  heavier  types  of  the 
Hagerstown  soils.     These  are  limestone  soils  in  the  Martin  Moun- 
l^ns  in   Bedfofd  county.  Pa.,  in   the  Patterson  Creek  Mountains 
^  Grant  and  Mineral  counties,  W.  Va.,  in  a  portion  of  the  Tono- 
loway  Ridge  in  Hampshire  County,  W.  Va.,  in  the  elevated  valleys 
^f  the  Knobly  Mountains,  and  in  the  liigh  stoop  limestone  slopes 
^hich  lie  just  beneath  the  crest  of  North  Fork  Moimtain  and  in 
'Nearly  similar  situations  on  South   Fork    Mountain    just   east   of 
^ranklin,  Pendleton  County,  W.  Va.     There  are,  moreover,  many 
fields  in  each  of  the  soil  areas  just  mentioned  so  badly  gullied  that 
Sfassing  has  become  impossible.     The  soils  have  hoconio  so  shallow, 
^nd  transportation  of  soil  from  the  raw  surfaces  takes  place  so  con- 
stantly, that  the  blue-grass  sod,  which  is  the  natural  covering  of  these 
lands,  can  not  spread  and  hold,  and  reforestation  will  bo  the  only 
Itieans  of  again  giving  them  a  permanent  earning  power.     The  diffi- 
Ciulty  with  soils  of  this  character  is  that  thoy  can  not  bo  manured,  on 
nccount  of  the  impossibility  of  getting  a  wagon  and  team  on  the  stoop 

a  In  thp  sou  thorn  Pio'lmont  n-gion  such  l(»ng-c(mtiniu'<l  partial  erosion  gives  rise  to  sandy  surface 
Boils  underlain  by  heavy  subsoils. 
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slopes,  and  every  crop  of  grain  or  grass  which  is  removed  robs  th  ^w  of 
fertility,  while  nothing  except  mineral  fertilizers  of  the  acid-^W 
phate  type  are  added  to  them  in  compensation.  When  these  soi Ism 
kept  in  grass  there  is  very  Uttle  washing,  but  on  account  of  their  p/D-  ; 
ductivity,  as  compared  with  either  the  shale  soil  of  the  valleys  or  the  i 
surrounding  thin  soils  of  the  sandstones,  their  cultivation  by  the  small  \ 
landholder  is  a  necessity  until  their  final  ruin  precludes  cultivation  * 
of  any  kind.  | 

The  well-known  case  of  the  soil-denuded  limestones  of  the  Alps   ^ 
of  Bosnia   and  southern   Austria,  the  Karst  region,  is  being  repro-    ; 
duced  here  under  almost  the  same  conditions.     Both  are  regions  of    j 
steep    slopes    and    naturally  rather  shallow  but  very  fertile  lime-    = 
stone  soils,  which  have  by  the  exhaustion  of  humus  through  constftnt   J 
tillage  lost  their  granulation  and  had  their  absorption  capacity  for  ^ 
rainfall  so  reduced  that  extensive  washing  has  taken  place,  leading  4 
to  the  destruction  of  the  agricultural  value  of  the  soils.     The  highest  I 
earning  power  which  such  soils  now  have  is  in  timber  production.  I 
Their  natural  forests  are  of  hickory,  white  oak,  walnut,  locust,  red 
oak,  and,  on  dry  knolls,  black  oak,  and  since  all  these  except  the 
black  oak  yield  high-priced  woods,  and   rapid   growth   is  made  by 
timber  on  the  limestone,  reforestation  could  be  regarded  as  a  finan- 
cially profitable  undertaking.     When  forested  there  is  a  hea\y  humus 
on  even  the  steepest  limestone  land  and  a  heavy  undergrowth  of 
weeds,  })ushes,  and  vines.     The  thick  humus  not  only  holds  a  great 
deal  of  water,  but  the  heavy  clays  of  the  limestone  have  a  higher 
capacity  for  absorption  than  any  other  soil  on  the  Potomac,  and  the 
humus  allows  those  s<nls  to  become  fully  saturated.     On  account  of 
the  heavy  humus  there  is  almost  no  turbid  nm-ofJ  from  even  the 
steepest  limestone  soils  when  in  timber.     In  addition  to  the  areas 
already  mentioned,  other  heavy  limestone  soils  cover  several  thousand 
acres  in  Highland  County,  Va.,  between  M(mterey  and  Hightown.and 
areas  of  loss  extent  in  the  '^Hunting  Ground"  in  Pendleton  County, 
W.  Va.,  on  the  upper  waters  of  North  Fork  of  the  Potomac;  on  Evitts 
Creek,  Bedford  County,  Pa.,  in  the  Little  Cumberland  Valley;  and  in 
the  Cove  Valley  about  McConnellsburg,  Fulton  County,  Pa.     In  these 
areas  the  topography  is  rolling  or  the  hills  have  long,  moderately 
gentle  slopes,  except  along  the  larger  streams,  where  the  slopes  are 
steeper,  as  they  are  in  the  valley  of  Virginia,  and  erosion  takes  place 
in  the  same  manner  and  under  the  same  conditions  as  on  the  Hagers- 
town  soils  farther  east.     The  soils  are  worked  in  short  rotations,  more 
than  two-thirds  of  the  land  being  habitually  in  tillage  and  the  rest  in 
grass. 

Mechanical  analyses °  of  the  Hagerstown  clay,  which  will  cover  the 
composition  of  the  lieaviest   limestone  soils  in  the  Potomac  basin, 

o  Field  0\X'TaVvu\\s  V^utOAUo(  Soils,  liMW.  p.  212. 
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to  contain  from  34  to  38  per  c<»nt  of  clay  less  than  0.005 
size,  and  from  40  to  46  per  cent  of  fine  silt  Wtween  0.05  and 
im.  More  than  three-fourths  of  its  composition  is  matter 
tly  divided  to  be  transported  on  the  most  quietly  moving 
I  of  Potomac  River,  and  practically  none  of  the  wash  from 
ads  settles  above  the  Great  Falls  intake. 
lore  sandy  members  of  the  calcareous  soils  show  a  lower  per- 
of  clay  content  and  a  higher  of  silt,  the  clay  forming  from  14 
jr  cent,**  while  the  silt  forms  from  31  to  50  per  cent.  While 
tive  proportions  of  the  light  and  heavy  soils  are  not  known, 

one-half  of  the  limestone  soils  are  referable  to  the  heavy 
8.  The  above  analyses  of  texture  are  of  the  top  soils.  On 
led  land  on  the  mountains,  where  gullying  is  taking  place,  the 
I  is  largely  from  the  subsoil,  and  this  shows  a  far  higher  pro- 
of fine,  transportable  clay,  the  amount  being  from  50  to  63 
;*  of  the  entire  soil.  The  proportion  of  fine  silt,  however,  is 
smaller. 
>at  is  the  erosion  from  steep  limestone  lands  that  during  heavy 

storms  the  turbid  streams  which  bear  their  wash  strongly 
he  argillaceous  odor  characteristic  of  a  freshly  cut  surface  of 
lay.  This  is  especially  noticeable  with  the  water  of  Town 
rhich  bears  the  wash  from  Martin  Mountain;  Big  Cove  Creek, 
as  the  wash  from  the  limestones  in  the  vicinity  of  McCon- 
g;  Conococheague  Creek,  which  drains  the  Cumberland  Val- 
l  the  two  branches  of  Shenandoah  River,  which  drain  the  val- 
irginia  and  the  Page  Valley;  and  there  are  other  streanus  in 

is  probably  at  times  as  noticeable  as  in  these, 
iition  to  the  wash  from  the  agricultural  lands  a  small  amount 
ac^  from  the  roads,  but  most  of  the  roads  through  the  lime- 
5  surfaced  with  crushed  stcme  and  have  been  graded  or  washed 
'1  before  being  surfaced. 

the  banks  of  streams  the  limestone  soils  grass  well,  and  there 
light  erosion  of  banks  on  any  of  the  smaller  streams, 
vident,  on  account  of  the  constant  erosion  that  takes  place  on 
jstone  soils,  which  rapidly  increases  with  the  gradient,  and 
e  proportions  of  transport al)le  clay  that  these  soils  contain, 
y  contribute  a  large  proportion  of  the  turbidity  to  the  river, 
r  even  a  larger  proportion  than  the  soils  of  the  Cecil  and  Ches- 
js;  but  with  this  difTerence  in  respect  to  the  Washington  water 
:.hat  local  showers  on  the  Cecil  soils,  on  account  of  their  near- 
he  Washington  intake,  and  especially  rains  on  the  lower  part 
cacy  River  and  on  Seneca  Creek,  which  empty  into  the  Poto- 
the  same  side  on  which  the  intake  is  situated,  produce  high 

a  Field  OiH-riitioiis  lJim»aii  of  Soils,  1903,  pp.  214,  215. 
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turbidity  for  short  periods,  especially  during  summer  thunderstorm 
The  turbidity  produced  by  similar  storms  higher  up  on  the  watershed 
is  largely  reduced  by  dilution,  opportunity  being  given  for  thorou^ 
mixing  with  the  water  across  the  entb^  channel  of  the  river,  and  ako  , 
by  distribution,  a  portion  being  carried  far  ahead  in  the  main  currat  I 
of  the  river,  while  those  parts  which  mixed  with  the  water  new  the  I 
bank,  where  friction  is  greatest,  get  farther  and  farther  behind.  The 
total  effect  on  the  water  by  the  time  the  intake  is  reached  is  a  slight 
rise  in  turbidity,  which  is  distributed,  however,  over  a  day's  flow  or 
more.  Such  local  rains  on  the  Cecil  soils  in  Maryland,  as  has  been 
explained,  cause  high  turbidity  along  the  north  bank,  and  there  b 
neither  time  for  further  dilution  nor  opportunity  for  distribution. 
The  rapidity  and  imexpectedness  with  which  this  condition  is  pro- 
duced occasionally  cause  a  considerable  amount  of  highly  tuiWd 
water  to  enter  the  reservoirs  which  supply  Washington. 

About  one-tenth  of  the  mountain  land  between  the  Allegheny  Front 
and  Shenandoah  Mountain  is  limestone  or  limestone  shales.  The 
largest  part  of  the  land  lies  in  Highland  County,  Va.,  and  Pendleton, 
Grant,  Hardy,  and  Mineral  counties,  W.  Va.  The  average  slope  of 
this  land  is  more  than  1  foot  in  5.  Probably  one-half  of  it  is  at  pres- 
ent cleared,  and  the  rest  is  being  cleared  rapidly.  The  limestone  soik, 
including  both  the  valley  and  mountain  lands,  constitute  about  one- 
sixth  of  the  total  area  of  the  Potomac  River  basin,  or  about  2,000 
square  miles. 

There  are  vorA"  few  sj)rings  on  the  limestone  soils,  in  spite  of  their 
veiy  jj^reat  water-st()rag:e  capacity,  but  such  as  there  are  show  ^at 
constancy  and  boldness.  Many  of  tiiem  are  undoubtedly  streams 
which  ])ermeate  fissures  or  caverns  in  the  limestone. 

SHALE    SOILS. 

Shale  soils  are  of  tw^o  different  series — those  derived  from  massive  or 
fissile  art^illacoous  shales,  known  throuj^hout  the  basin  as  ''yellow- 
slate  soils,"  lart^ely  the  product  of  weathering  of  the  Ronmey  shale anJ 
the  shales  of  the  Jennintrs  fornuition;  and  those  derived  from  the 
weatherint;  of  the  sandy  shales  and  sandstone  of  the  Hampshire  for- 
mation, which  are  known  as  ^'red-slate  soils."  The  yellow-slate soit 
are  soft,  erode  rapidly,  and  constitute  essentially  a  valle^^  OT^  of  soil; 
the  red-slate  soils  form  plateaus  and  low  mountains. 

The  yellow-shale  soils  are  extensively  distributed,  and  some  of  their 
phases  are  the  source  of  considerable  turbidity.  The  first  of  the  two 
extreme  types  is  the  typical  '^  slate  soil,"  larj^ely  formed  of  small. 
sharp- angled  pieces  of  argillaceous  sliale.  Occasionally  it  is  call^ 
gravelly  soil.  Only  a  ii^nall  amount  of  fine  earth  is  associated  with  it- 
It  is  extremely  porouH  awd  \eav\\\ ,  «A\d  Uwusyortation  takes  place  so 
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i<Uy  that  very  little  finel^y^  divided  earth  accumulates.  It  is  essen- 
ly  a  thin,  light  soil,  and  its  condition  is  due  not  only  to  the  fact  that 
shale  decomposes  slowly,  but  also  to*  the  erosion  of  the  finer 
terial  proceeding  practically  at  the  same  rate  at  which  it  is  formed, 
I  to  its  situation  on  steep  slopes  high  above  the  base-level  of  erosion; 
It  is  in  places  the  womout  shale  clay  of  the  type  described  in  the 
ct  paragraph,  from  which  the  fine  soil  has  been  removed  by  washing 
en  cultivated. 

rhe  second  type  embraces  yellow-shale  clay  and  its  loamy  phases, 
is  the  residual  product  from  the  weathering  of  the  argillaceous  and 
derately  sandy  shales,  where  there  has  been  but  little  soil  trans- 
rtation.  On  broad  flats  near  the  heads  of  streams  and  where  the 
lley  hills  have  been  eroded  nearly  to  stream  level,  soil  has  accumii- 
ed  to  the  depth  of  several  feet,  but  as  the  slope  becomes  steeper  the 
1  rapidly  becomes  shallower  and  ** slate"  cliips  more  abundant,  a 
)id  transition  taking  place  with  increased  slope  into  the  *^  slate-soil " 
36.  These  soils  do  not  hold  grass  well  except  at  high  elevations,  and 
istant  tillage  rapidly  changes  their  character  and  lessens  their 
ming  value,  as  the  fine  soil  is  eroded.  Above  1 ,500  feet  altitude  and 
cool  situations  along  moist  slopes  sheltered  in  part  from  the  heat  of 
3  sun,  especially  on  the  heavier  and  more  calcareous  shales  of  the 
)ckwood  formation,  and  some  in  the  Romnej'^  formation,  a  penna- 
nt grazing  sod  can  be  inaintaine<l.  In  other  situations  the  grass 
js  in  a  few  years  and  a  scant  growth  of  pennyroyal  and  spring  and 
ply  summer  weeds  takes  its  place.  Wlien  the  shale  soils  are  on  high 
►pes  the  characteristic  topographic  features  are  the  small  size  of  the 
Is  and  the  number  and  depth  of  the  fissures  which  indent  them,  the 
"face  features  being  in  strong  contrast  to  the  rolling  summits  and 
)ad,  flat  slopes,  even  where  steep,  which  mark  the  limestone.  This 
)ken  surface  of  the  shale  hills  is  another  drawback  to  general  farm- 
:  on  them,  making  the  fields  small  and  their  cultivation  difficult,  and 
ising  some  inequality  in  the  maturing  of  the  crops.  A  crop  makes 
the  typical  leachy  slate  soil  only  when  there  is  a  wet  growing  season, 
i  for  this  reason  wheat,  growing  largely  during  the  wet  spring,  is 
►re  successfully  raised  on  it  than  corn.  The  soils  are  not,  however, 
Eipied  to  farming,  and  large  areas  which  have  been  cleared  are 
Tied  out  nominally  as  pasture,  but  in  fact  are  practically  waste, 
bere  the  soils  are  deep  and  the  slopes  gentle  the  soils  are  very  pro- 
ctive  in  com,  hay,  small  grain,  and  apples. 

Mechanical  analyses  of  these  soils  show  that  the  earthy  portion 
Judes  from  22  to  40  per  cent  of  clay.  They  are  responsible  for  a 
isiderable  portion  of  the  turbidity  of  South  Branch  of  the  Potomac, 
d  of  Patterson,  Back,  Sleepy,  wSideling  Hill,  Great  Tonoloway 
iking  creeks.  While  a  large  part  of  the  \\'Tish  comes  from  cl 
id,  the  washing  of  the  banks  of  small  streams,  especially  when 
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trees  and  bushels  have  been  entirely  cut  oflF,  is  a  notable  feature. 
Some  also  conies  from  roads,  which  are  inclined  to  wash,  especially  on 
the  compact  clay  soils.  A  small  amount  comes  from  the  woodland, 
as  the  streams  which  drain  forested  watersheds  becomes  conspicuously 
clouded  during  heavy  and  especially  prolonged  rains. 

The  forests  on  the  shale  soils  vary  with  the  drainage  of  the  soil 
Where  the  topography  is  gentle  and  the  clay  soil  is  deep,  white  oak,  a 
small  amount  of  chestnut  oak,  and  in  the  hollows  red  oak' form  the 
timber,  the  white  oak  always  being  the  aggressive  species.  With 
increased  dryness,  due  either  to  the  thinness  of  the  decomposed  clay 
soil  or  to  greater  inclination  of  slope,  Jersey  pine  and  chestnut  oak 
become  the  dominant  species,  white  oak  being  of  minor  importance. 
A  moderate  humus  accumulates  under  the  red  and  w^hite  oaks,  but 
elsewhere  the  humus  is  very  light  on  this  soil.  The  springs  in  the 
shales  are  numerous,  but  small  and  irregular  in  their  flow,  many  of 
them  going  drj^  during  the  summer  and  autumn.  Probably  one-half 
of  the  total  area  of  shale  soils  has  been  cleared,  but  a  large  part  of  it  is 
idle.  On  steep  slopes  and  in  its  leachy  phases  the  shale  soils  are  not 
agricultural,  and  while  they  have  a  low  earning  power  in  forest  they 
are  best  preserved  by  being  wooded.  On  gentle  slopes  the  shale  soils 
can  be  made  highly  productive.  A  feature  about  them  is  the  rapidity 
with  which  the  bits  of  shale  disintegrate  when  exposed  to  the  weather; 
for  this  reason  these  soils  can  not  be  completely  exhausted. 

The  red  shales  and  sandstones  of  the  Hampshire  formation  west  of 
Shenandoah  Mountain  yield  soils  which  are  referred  by  the  Bureau  of 
Soils  to  the  Uj)shur  series.  On  the  Potomac  watershed  the  countn* 
rock  of  this  formation  is  largely  a  sandy  dark-red  shale.  It  (xriir? 
usually  in  elevated  valleys,  as  Long  Hollow,  in  Washington  County. 
Md.,  or  in  broken  plateaus,  as  the  ^^  Levels."  in  Hampshire  County, 
W.  Va.,  and  Timber  Ridge,  in  Fulton  Coimty,  Pa.;  or  it  forms  low. 
flat-topped  mountains,  as  Town  Hill  and  the  foothills  of  Sideling  Hill 
in  West  Virginia,  Maryland,  and  Pennsylvania.  The  larger  streams 
have  in  most  placcvs  cut  deep  gorges  through  it,  with  steep,  precipitous 
sides.  The  gently  rolling  surface,  which  is  generally  fanned,  is  in 
sharp  contrast  with  the  much  broken  surface  of  the  yellow^  shales,  and 
when  the  two  occur  side  by  side  the  red  shale  is  usually  at  a  higher 
elevation.  The  soils  derived  from  it  east  of  the  Allegheny  Front  are 
usually  loams  and  sandy  loams,  in  few  places  passing  into  stiff  phases; 
they  are  shallow,  rarely  more  than  2  feet  deep,  with  much  broken 
shale  and  bits  of  sandstone  disseminated  through  them,  and  dark-red 
or  chocolate  in  color.  The  })orosity  is  excellent  and,  the  imderlying 
shale  being  nmcli  fissured,  there  is  comparatively  little  erosion  except 
on  steep  slopes,  where  considerable  sand  and  even  coarse  gravel  is 
transported.  The  sandy  members  are  too  light,  thin,  and  leachy  for 
successful  production  oi  conv  axiA.\\\\^«Jc,\X^^  ^V«:^\^^x<i^  of  the  region, 
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d  large  areas  which  have  been  cleared,  amounting  probably  to 
ore  than  10,000  acres,  have  been  abandoned  and  are  offered  for  sale 

prices  between  $5  and  $8  an  acre.  Other  extensive  areas,  which 
e  held  in  connection  with  operated  farms  as  pasture  land,  are  prac- 
Jally  waste.  The  lighter  phases  will  not  hold  a  grazing  sod,  and  hay 
ass  lasts  only  a  season  or  two  on  it.  Except  on  the  heavier  phases  or 
e  most  gentle  slopes,  as  about  Three  Churches  and  the  middle  portion 

Timber  Ridge,  this  soil  yields,  if  worked  in  grain  and  grass,  only 
e  scantiest  living  to  the  tiller.  Under  the  current  system  of  tillage 
is  not  a  productive  general  farming  soil.  Recently,  however,  exten- 
re  areas  of  this  soil  on  the  *  *  Levels^'  and  elsewhere  have  been  planted 

peaches,  to  which  it  is  well  adapted.  The  soil  can  be  used  profit- 
>ly  for  this  purpose  and  similar  intensive  farming,  to  which  it  seems 

be  adapted,  only  where  transportation  is  available,  which  excludes 

present  the  largest  areas.  It  is,  when  shallow  and  on  steep  slopes, 
forest  soil  and  must  ultimately  be  regarded  as  such  unless  planted  in 
caches,  small  fruit,  or  truck.     More  than  one-half  of  this  soil  is  yet 

woodland.  As  would  be  expected  from  its  lightness,  the  timber 
neither  tall  nor  the  stand  heavy.  On  the  heavier  members  short- 
af  pine,  black  oak,  and  pignut  hickory  form  the  growth,  which 
langes  to  scarlet  oak  and  pitch  pine'as  the  soil  becomes  more  sandy 
id  shallower.     The- humus  is  light. 

Not  so  much  turbidity  originates  from  these  soils  as  would  be  sup- 
>8ed  from  their  red  color,  although  the  run-off  from  tilled  land  is 
ways  muddy.  The  waters  which  come  from  wooded  areas,  how- 
rer,  seem  always  to  be  clear. 

SANDSTONE    SOILS. 

Sandstones  form  the  greater  part  of  the  mountains,  the  limestones 
id  smaller  areas  of  shale  and  granite  forming  the  rest ;  and  since  the 
indstone  yields  a  sandy  soil,  this  is  the  prevailing  and  character- 
tic  mountain  type.  The  soils  of  the  sandstone,  forming  the  sandy 
lembers  of  the  Dekalb  series,  are  all  very  sandy,  some  ver}'  shallow, 
id  most  of  them  stony,  their  final  form  being  determined  by  the 
ardness  of  the  rock  from  which  they  originated  and  the  steepness 
f  the  slope  on  which  they  are  foniied. 

The  deepest  sandy  soils  and  those  best  suited  to  tillage  come  from 
le  ''Monterey  sandstone''  and  the  sandy  beds  of  the  Jennings  and 
ampshire  formations.  These  are  loams  and  sandy  loams,  and 
hile  they  are  deep  in  but  few  places  they  are  usually  foimd  at  the 
gher  elevations  and  are  well  supplied  with  organic  matter.  Even 
the  case  of  some  of  these  formations  which  rapidly  decompose, 
ere  is,  where  they  lie  on  steep  slopes,  constant  soil  transportation, 
id  the  residual  soil  is  shallow.     On  accoimt  of  this  constant  loss  there 
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is  around  tiie  base  of  many  of  the  sandstone  mountains  a  heavy  tabi! 
of  sand  washed  from  the  heights,  forming  a  mantle  over  the  vall^; 
formations  of  shale  and  limestone.  This  is  especially  noticeable  in; 
the  Cumberland  Valley,  in  the  valley  of  Virginia,  and,  to  a  less  extent, 
elsewhere. 

The  more  indurated  sandstones  and  the  quartzite  yield  only  tha^ 
thinnest  kinds  of  mountain  soils,  which  are  strewn  ^ith  large  and  | 
angular  fragments  of  stone.     Such  stony  land  is  suitable  only  for  for* 
est  growth,  and  no  attempt  has  yet  been  made  to  clear  it.     At 
one-half  of  the  mountain  land  east  of  the  Allegheny  Mountains 
this  character.     The  sandy  soils  of  the  valleys,  as  well  as  those 
level  benches  of  the  mountains,  except  w^here  light  and  leachy,  ui 
farming  and  fruit-raising  soils.     Considerable  areas  of  sandy  land 
the  moimtains,  with  soil  of  some  depth,  were  cleared  originally  ffli 
grass  land.    It  is  well  suited  for  sod  land,  and  so  long  as  the  tiuf  isnot 
turned  it  holds  very  well,  its  porosity  being  sufficient  to  absorb  heavy 
rains  readily  without  washing.     When  cultivated,  especially  in  com, 
it  washes  verj'  badly;  less  so  when  in  pats  and  buckwheat. 

While  these  soils  contribute  very  little  to  the  turbidity  of  the  river^ 
their  preservation  on  the  mountains  is  necessary  on  other  groimda. 
They  and  the  underlying  sandstone,  which  is  in  most  places  i*'ell  fis- 
sured, form  the  natural  reservoirs  at  the  head  of  nearly  all  the  streama 
of  the  Potomac  basin.  The  springs  from  the  sandstone  are  mnnerous 
and  constant  in  their  flow,  though  few  of  them  have  the  volume  and 
boldness  of  the  limestone  springs. 

The  forests  on  the  sandy  soils  vary  widely  in  composition  and  qual- 
ity, according  to  the  depth  of  the  soil,  its  drainage,  and  the  aspect. 
Where  the  soil  is  deep  and  mellow,  especially  at  high  elevations  or  on 
cool  slopes,  chest  nut  and  red  oak  are  the  characteristic  trees,  and  the 
hunuis  naturally  formed  is  excellent.  In  somewhat  drier  situations 
white  oak  is  the  dominant  tree,  chestnut  oak  also  becoming  abundant, 
the  proportion  of  the  latter  increasing  with  better  drainage.  The 
hunuis  becomes  thinner  as  the  amount  of  chestnut  oak  increases. 
On  cool  western  slopes,  especially  in  deviated  valleys,  white  pine  was 
a  factor  in  the  original  growth,  but  yery  few  trees  are  now  seen,  even 
of  young  growth.  On  ridges,  especially  those  that  are  wami  and 
sunny,  pitch  and  table-mountain  pine  form  groves  in  many  places, 
almost  unmixed  with  other  trees,  and  in  such  groves  the  humus  is  very 
thin  and  poor. 

SOILS  WEST  OF  THE  ALLEGHENY  FRONT. 

The  soils  of  the  Allegheny  Mountains  are  loams  and  sandy  loams 
from  conglomerates,  sandstone,  and  sandy  shales,  with  smaller  areas 
of  day  from  more  argillaceous  shales  and  from  limestone.     They  are  1 
g'eneraJJy  gray  or  yellow ,  m  a  levj  ^Xac^^^T^^otVsto^Nw^  and  for  the  most 
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irt  are  stony.  Large  areas  are  so  thin  soiled  and  stony  as  to  be 
itirely  worthless  for  agriculture  of  any  kind.  These  include  espe- 
ially  the  soils  from  the  harder  conglomerates  and  sandstone  of  the 
llackwater  and  Pocono  formations  and  the  sandstone  of  the  Bayard 
ormation.  These  are  extensively  developed  on  Spruce  Moimtain, 
long  Backbone,  Savage,  and  Dans  mountains,  and  on  vStony  River, 
rhere  many  acres  at  some  places  are  covered  with  large  angular 
(tones,  such  places  l>eing  locally  known  as  rock  bars. 

The  humus  content  of  the  soil  is  large  for  the  several  reasons  which 
lave  been  pointed  out,  and  their  absorptive  capacity  for  water  is  high, 
the  humus,  as  well  as  the  general  looseness,  permits  rapid  percolation 
f  wat«r  through  the  soil  to  the  subsoil.  Unless  subject  to  clean  til- 
Ige  on  the  slopes  there  is  very  little  erosion  of  cleared  land.  Fields 
©re  seen,  however,  on  Wills  Creek  and  on  Georges  Creek,  which  from 
le  cultivation  of  com  or  potatoes  had  washed  badly  and  are  now  too 
lin  to  form  a  good  sod.  On  the  slopes  of  Red  Oak  Mountain  also,  and 
ong  the  All^heny  Moimtain  farther  north,  the  grazing  land  on  the 
eep  southern  slopes  has  become  thin  and  the  sod  is  scant.  Some  of 
te  clearings,  however,  are  old,  situated  alcmg  the  early  pikes  and 
ails  which  crossed  the  Allegheny  Mountains  to  the  fertile  lands  of 
le  Ohio  Valley.  They  clearly  indicate,  though,  that  much  of  this 
nd  which  grows  well  when  fresh  gradually  l)ecomes  exhausted  even 
I  sod  on  the  steep  slopes  and  must  eventually  again  be  timbered  to 
old  the  soil. 

Very  little  turbidity  comes  from  North  Branch  of  Potomac  River 
bove  Cumberland,  and  the  same  is  tnie  of  the  headwaters  of  Wills 
Teek,  in  Somerset  County,  Pa.,  and  of  Seneca  Creek,  Laurel  Fork, 
nd  the  intermediate  streams  in  PendleUm  County,  W.  \ii.  Only  the 
eaviest  summer  rains,  or  spring  rains  after  the  loosening  of  fall- 
lowed  ground  by  frost,  cause  evident  washing  of  farmed  land,  except 
n  the  steepest  slopes.  In  spite  of  tlie  fact  that  so  large  a  part  of  the 
leared  land  is  in  sod,  the  number  and  constancy  of  the  springs  are 
loteworthy. 

The  forests  in  the  Alleghenies  vary  widely  in  composition ;  chestnut, 
«d  oak,  and  chestnut  oak  are  the  prevailing  species  in  the  warmer  and 
bier  situations.  The  chestnut  forms  a  good  humus,  and  the  (luantity 
if  humus  is  largely  determined  by  the  pro])ortion  of  this  tree. 

On  northern  slopes  and  in  the  moister  situations  birch,  sugar 
naple,  basswood,  and  beech  form  most  of  the  timl)er,  while  hemlock 
Jccurs  with  these  in  many  of  the  ravines.  This  type  of  forest  occurs 
n  many  places  on  very  rough  and  stony  land.  The  hunuis  is  very 
leep,  having  accumulated  locally  to  a  depth  of  S  to  10  inches.  Above 
1,000  feet  elevati(m,  on  the  headwaters  of  Stony  River,  Difficult  Creek, 
ind  Buffalo  Creek,  in  Grant  County,  and  on  Seneca  Creek  and  Laurel 
fork,  in  Pendleton  County,  W.  Va.,  the  forests  are  largely  of  spruce. 
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The  soil  is  of  the  thinnest  character,  much  of  it  only  beds  of  stone.  In 
forest  which  has  been  unlumbered  or  unbumt  the  moss  and  humus 
are  deep  and  largely  replace  the  soilfor  supplying  the  necessary  mois- 
ture. There  is  no  discernible  erosion  of  the  forest  soils  where  the 
humus  has  not  been  destroyed  or  lessened.  The  smaller  streams  are 
at  times  discolored  by  the  leaching  of  the  humus,  but  to  an  insignifi- 
cant degree. 

More  than  one-half  of  the  area  of  the  Allegheny  Mountains  is  forest 
covered,  including  nearly  all  of  the  steepest  slopes. 

It  is  evident  that  the  soils  which  most  largely  contribute  to  the 
turbidity  of  Potomac  River  are  those  that  are  most  valuable  for  farm- 
ing, which  are  largely  cleared.  Considerable  forest,  however,  is  yet 
situated  on  the  steeper  slopes  of  some  of  these  soils,  e-specially  oncer- 
tain  members  of  the  Cecil  series  and  on  much  of  the  limestone  on  the 
mountains  west  of  North  Mountain.  Wlien  these  areas  are  cleared 
the  wash  from  them  will  augment  the  already  high  turbidity  of  the 
river.  As  a  matter  of  civic  policy  it  would  be  advisable  to  retain 
these  lands  in  forest  and  to  reforest  extensive  areas  of  similar  soils 
which  have  been  pauperized  by  erosion  incidental  to  culture  or  whose 
permanence  is  threat-ened  by  tillage,  since  the  erosion  from  them 
when  in  forest  is  insignificant. 

EROSION  OF  FARM  LAND. 

The  primary  cause  of  erosion  is  the  failure  of  the  soil  to  absorb  the  | 
rain  water  wliich  falls  upon  it.     If  the  rainfall  is  all  absorbed,  as  by  a 
coarse,  sandy  soil,  there  is  no  run-ofT  and  no  erosion.     As  the  soil  i 
becomes  finer  in  texture,  more  compact,  and  correspondingly  le^  per- 
vious, the  rain  is  not  absorbed  as  fast  as  it  falls,  and  the  \ery  smallness 
of  the  grains  wliich  form  the  s<nl  facilitates  its  transportation  when- 
ever the  attitudinal  factors  are  favorable.     The  impact  of  the  rain- 
drops loosens  the  fine  })articles  of  soil,  and  unless  absoq^tion  t^kes 
place  the  drops  gather  into  small  streams  and  rivulets,  transporting 
with  them,  by  a  system  of  natural  elutriation,  the  finest  particles  of 
soil  and  leaving  behind  the  larger  and  heavier  grains.     At  first  this  is 
entirely  due  to  the  hydraulic  action  of  the  impinging  raindrops,  but 
no  sooner  do  the  rivulets  gather  power,  either  by  the  adde<l  volume  of 
water  or  by  increased  gradient,  than  they  likewise  begin  cutting  loose 
and  transporting  the  soil.     The  eroding  and  transporting  action  of 
water  is  increased  by  the  increase  in  its  volume;  it  is  also  increased 
four  times  by  doubling  the  gradient.     For  this  reason  the  steepest 
land  erodes  most  easily,  and  since  the  slope  of  a  rain-formed  hill  is  an 
ogee  and  steepest  in  the  middle  the  most  rapid  erosion  takes  place  on 
the  middle  slope,  while  the  heaviest  transported  material  is  deposited 
by  the  slackened  current  on  the  more  gently  sloping  base. 
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The  capacity  of  a  stiff  soil  for  water  is  in  practice  35  to  50  per  cent 
F  its  volume,  or  for -ordinary  farmed  soils  4  to  5  inches  of  rainfall  to 
le  surface  foot.  In  spite  of  this  capacity,  the  greater  part  of  a  heavy 
lower  will  usually  not  be  absorbed.  The  coarse  structure  of  a  sandy 
>il  permits  the  rainfall  to  be  absorbed  as  rapidly  as  it  falls.  In  a  clay 
3il,  unless  in  a  high  state  of  tilth,  the  pores  are  smaller  and  there  is 
5SS  open  cellular  communication  l)etween  them,  and  absorption  must 
u-gely  take  place  through  cracks,  worm  holes,  and  root  holes,  and 
"^hen  there  are  few  of  these  absorption  is  largely  retarded  until  the  air 
an  he  expelled.  In  the  extreme  case,  that  of  a  raw  clay  soil  with  its 
urface  puddled  by  a  previous  heavy  rain,  the  result  is,  as  King"  points 
ut,  '*that  when  a  heavy  rain  falls,  the  close  structure  and  feeble 
ranulation  result  in  the  surface  pores  of  the  soil  becoming  so  quickly 
losed  that  the  soil  air  has  little  opportunity  to  escape,  and  yet  only 
o  fast  as  it  does  escape  can  rain  enter  the  soil,  and  hence  during  heavy 
ains  the  water  accumulates  quickly  and  extensively  upon  the  surface.'' 

The  greater  portion  of  the  tilled  soils  of  the  Potomac  basin,  espe- 
ially  of  the  lower  part,  are  of  heavy  type  and  close  texture,  and  the 
un-off  from  them  indicates  failure  to  absorb.  But  were  they  well 
xanulated  and  in  good  tilth  they,  as  well  as  the  more  penneable 
andy  soils,  could  readily  absorb,  without  undue  accumulation  of 
urface  water,  a  much  heavier  rain  than  commonly  falls  at  one  time 
•n  the  Potomac  basin. 

The  porous  condition  or  granulation  of  a  heavy  soil  necessary  to 
ffect  absorption  is  best  procured  by  the  addition  of  humus. 

There  is  over  a  greater  portion  of  the  tilled  area  a  deficiency  in  the 
organic  content  or  humus.  The  soils  ot  the  great  valley  and  the 
egion  to  the  east  lie  well  within  the  southern  field  of  long,  hot  sum- 
Qers  and  heavy,  irregularly  distributed  rainfall.  The  organic  con- 
ent  of  typical  tilled  soils  of  this  region,  as  given  by  the  Bureau  of 
ioils,  is  for  the  Iredell  clay  loam,  1.43  per  cent;  Penn  loam,  1.70  per 
«nt;  Penn  clay,  1.92  to  3.04  per  cent;  Ilagerstown  clay,  1.51  per 
ent;  Cecil  loam,  1.07  per  cent;  Cecil  clay,  1.63  per  cent.^  These 
tre  from  typical  areas  in  Virginia,  West  Virginia,  and  Maryland,  in  a 
rell-farmed  section,  and  without  doubt  adequately  represent  the 
lumous  content  of  these  and  similar  soils  throughout  tlie  lower  culti- 
vated portion  of  the  Potomac  River  basin. 

For  the  same  or  similar  soils  in  the  more  southern  Atlantic  States, 
he  organic  matter  is  given '^  as  from  5  to  7  per  cent  for  the  Cecil  clay, 
.4  to  4  per  cent  for  the  Cecil  sandy  loam,  and  4.15  to  4.75  for  the 
redell  clay,  and  it  is  recognized  tliat  even  these  large  amounts  are 
enerally  too  small ^  to  maintain  soils  in  that  latitude  in  good  tilth 
nd  sufficiently  porous  and  strongly  granulated  to  prevent  washing. 

a  Yearbook  IT.  S.  Dopt.  Agrii-..  lOai.  p.  H.4. 

t*  Fif.'ld  Operations  Bureau  of  Soils.  19<).'i.  pp.  210  ft  st^q. 

'■  Idem,  KK)1,  pp.  2S0  et  avq. 

d  Mom,  1901,  p.  281;  Yearbook  l'.  S.  Dcpt.  Agrlc,  llKKi,  p.  UiS. 
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The  growing  season  in  the  h)wer  part  of  the  Potomac  basin : 
and  longer  than  in  the  basin  of  the  Susquehanna  and  t| 
streams  to  the  northeast.  Except  near  the  coast,  where  thej 
humidity  is  high ;  on  certain  types  of  soil,  w^hich  are  verj'^  well 
to  grass;  and  at  high  elevations,  a  permanent  sod  is  with 
maintained  or  even  established.  Many  of  the  soils  have  hit]:l 
ing  power,  and  humus,  either  in  the  shape  of  leaf  mold  in  tli 
as  manure  in  farming  land,  or  litter  in  grass  land,  is  rapidly  ( 
The  result  is  that  a  low  soil  porosity  is  maintained,  with  snial 
tive  capacity,  saturation  quickly  taking  place  and  the  hear 
from  the  steep  slopes  causing  erosion. 

Spillman<»  has  shown  in  actual  practice  that  the  large  in( 
the  organic  content  of  a  yellow-shale  soil  in  eastern  Penn 
produced  a  soil  stmcture  more  largely  independent  of  weath( 
tions  than  any  soil  he  had  ever  seen.  '*  Torrential  rains  an 
up,"  he  says,  '*in  a  very  short  time,  so  that  the  soil  may  be 
after  a  rain  much  sooner  than  that  of  adjacent  forms.'* 

On  account  of  their  inability  to  absorb  the  necessary 
moisture  content  of  the  heavy  clays  is  often  insufficient  in  the 
for  the  proper  marturing  of  the  corn  crop  and  causes  the  grass  i 
badly." 

On  clay  soils,  such  as  the  heav\^  phases  of  the  limestone,  ti 
age  also  increases  tlie  thickness  of  the  permeable  layer  of  top 
its  water-storage  capacity.  Such  drainage  would  undoubl 
beneficial  over  a  largo  area  of  the  nearly  level  or  gently  rol 
lands  of  the  limostone,  shale,  and  Penn  series  in  lessening 
from  saturated  soils. 

The  nm-ofT  can  also  Ix^  reduced  by  terracing,  which  is  ea 
adapted  to  the  deep-soiled  Penn,  Cecil,  and  (^hester  series  ea^ 
Blue  Ridge  and  to  the  shale  soils  west  of  it.  This  permits  the  abl 
and  the  subsoil  storage  of  the  h(*avy  spring  and  summer  raini 
are  so  l)adly  needed  for  plant  growth  and  which  are  so  largel] 
the  crop  by  the  rini-olT.  Terracing  has  been  d<me,  in  isolate! 
in  more  southern  States,  and  the  increascul  yield  and  greater  im 
from  drought  have  more  than  compensated  for  the  reduced  a^ 
increased  cost  of  tillage. 

Another  element  in  the  run-olF  from  farming  land  which  is 
important  as  the  loss  of  the  water  is  the  loss  of  the  solid  I 
elements  which  form  the  turbidity  as  well  as  the  soluble  matttf 
is  washed  off.  Mr.  Outwater  states  in  another  part  of  this 
that  the  soluble  matter  removed,  if  derived  largely  from  the  I 
tural  land,  amoimts  to  about  400  pounds  pvv  acre  per  year,  f 
plant  food  in  it  is  about  equal  to  that  nMiioved  by  a  crop.  Vfl 
soluble  material  lost  by  leaching  is  replaced  with  about  tb 
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lity  as  it  is  removed,  the  fine  particles  of  silt  and  clay  are  replaced 
slowly.  This  fine  solid  matter  represents  the  most  valuable 
ion  of  the  mineral  soil  on  account  of  its  favorable  influence  on 
'etention  of  soil  moisture  and  the  large  surface  it  offers  for  root 
rption.  This  indicates  the  necessity  from  an  agricultural  stand- 
t  of  storing  in  the  soil  the  heavy  spring  and  summer  rains,  that 
vater  may  be  available  for  the  growing  crops  and  that  at  the  same 
the  fertility  of  the  soil  may  be  maintained  by  retaining  in  it  the 
and  clay  which  form  the  turbidity  and  the  soluble  plant  food, 
h  is  also  washed  away. 

EFFECT  OF  FOREST  COVER  OX  STREAM  FliOW. 

EXTENT  AND  INFLUENCE  OF  FOREST  COVER. 

•iginally  the  greater  portion  of  the  Potomac  basin  was  wooded, 
)ugh  the  Indians  kept  much  of  the  Shenandoah  and  Cumberland 
»ys  burned  off,  as  well  as  certain  areas  on  Monocacy  River  in 
ms  County,  Pa.,  which  even  now,  on  account  of  this,  are  known 
he  ** Barrens,^'  and  smaller  areas  elsewhere,  as  at  Petersburg, 
it  County,  W.  Va.,  and  below  Moorefield,  Hardy  County,  W.  Va. 

also  probable  that  they  regularly  burned  over  portions  of  the 
ntains  to  facilitate  hunting,  although  they  do  not  seem  to  have 

the  timber  suppressed,  as  was  the  case  in  the  '* Barrens'^  and 
vhere  in  the  valleys. 

oodland  at  present  cQvers  about  one-third  of  the  area  of  the 
a.  (PI.  X.)  It  has  been  very  largely  removed  from  the  Great  Val- 
from  the  Blue  Ridge  and  Catoctin  Mountains,  and  from  the  Pied- 
t  area  east  of  the  Blue  Ridge.  The  Shenandoah  and  Tuscarora 
ntains  are  yet  well  wooded,  and  there  is  a  more  or  less  continuous 
►  of  forest  on  tlie  upper  slopes  of  many  of  the  Appalachian  ridges, 
laces  it  is  continuous  for  several  miles  and  will  cover  a  great  por- 
of  the  slope;  elsewhere  it  is  a  very  narrow  strip  along  the  rocky 
:,  or  it  is  entirely  segmented  into  wood  lots  and  covers  less  than 
fourth  of  the  mountain  slope. 

the  Allegheny  Mountains  the  forest  covers  mpst  of  the  very  stony 
rough  land  and  many  of  the  steep  slopes,  especially  in  Maryland 
West  Virginia;  but  in  vSoniei*set  County,  Pa.,  large  areas  of  even, 
)  land  have  ])een  cleared  and  put  into  grass,  and  there  are  no 
Qsive  bodies  of  forest.  From  this  it  is  evident  that  the  forei^ts 
)  not  yet  been  cleared  from  a  large  part  of  the  steep  land  of  the 
1,  and  the  facts  as  brought  out  go  to  show  that  they  are  sulTicient 
ttent  to  })lay  an  important  r6le  in  connection  with  the  quality 
le  Potomac  water,  although  their  influence  is  not  as  ])otent  as 
lerly  and  must  continue  to  decrease  as  their  area  becomes  smaller, 
forests  are  influential  in  improving  the  potability  of  the  Potomac 
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water  in  three  ways :  They  prevent  greater  erosion  from  certain  soil 
types  on  steep  slopes  which  are  yet  partly  in  forest  and  which  wash 
badly  when  deforested,  and  lessen  in  this  way  the  very  high  turbidity 
of  the  water.  They  maintain  the  volume,  already  very  low,  of  the 
summer  and  autumn  run-off,  which  by  dilution  adds  to  the  real  purity 
of  the  water,  although  this  is  of  relatively  slight  value.  They  ako 
steady  and  equalize  the  flow  of  the  smaller  streams  and  lessen  the 
erosion  of  their  banks. 

The  water  of  the  smaller  streams  which  flow  from  forest-covered 
mountain  watersheds  is  clear  and  pure.     The  water  of  such  mountain 
streams  is  being  used  by  several  towns  in  the  Potomac  basin,  which 
obtain  their  w^ater  supply  from  streams  in  the  Penns^^lvania  forest 
reserves,  this  water  being  less  open  to  pollution  than  that  of  springs 
and  wells.    The  protection  of  such  forested  watersheds  in  other  States 
than  Pennsylvania,  to  insure  their  permanence  and  the  general  utili- 
zation of  these  streams  in  place  of  springs  and  wells,  which  are  now 
in  general  use,  or  in  place  of  the  polluted  river  water  which  is  used 
by  Cumberland,  will,  by  furnishing  a  pure  supply,  largely  eliminate 
these  towns  as  foci  of  infection  of  typhoid  fever  and  other  water- 
borne  diseases. 

One  of  the  tributaries  of  the  Potomac,  Great  Cacapon  River,  affords 
dear  and  reasonably  ])ure  water  which  would  be  sufficient  for  the 
re([\iironients  of  Washington,  D.  C.  It  drains  a  valley  whose  soik 
are,  for  the  most  j)art,  loam  and  sandy  loam,  largely  nonagricultural 
and  forest  covered.  Three  small  villages  are  the  chief  sources  of  con- 
tamination. Its  distance,  117  miles  above  the  Great  Falls  intake.  L^ 
j)rol)ahly  too  great  to  render  it  availal)le  as  a  present  source  of  supply. 

There  is,  as  lias  been  ])ointed  out,  room  for  a  large  storage  of  storm 
water  in  fanning  soils,  and  more  rational  farming  metliods  must 
ultimately  lead  to  this.  The  efVect  of  such  storage  would  be  reflecti^i 
in  a  diminished  run-off  of  flood  water,  esj)ecially  of  heavy  midsuniinor 
rains.  Little  of  the  water  thus  accunnilatcd  would  normally  ])ass 
off  as  seepage  to  s})ring  and  river  (low.  The  improved  growth  of  tlu* 
cro])s  would  utilize  such  stored  water,  and,  given  a  more  constant 
and  availal)le  amount  of  soil  moisture,  two  crops  a  year  would  he  tlu' 
rule  and  not  the  exception  as  at  ])res(Mit  over  nnich  of  the  wariiior 
part  of  the  basin,  and  in  j)lace  of  the  crops  transpiring  from  4  to  «> 
inches  of  the  rainfall,  as  at  ])resent,  they  would  use  about  double  that 
amount. 

Any  additional  storage,  either  transient,  tending  to  prolong  or  dis- 
tribute a  flood  crest,  or  deep  seated,  tending  to  increase  the  amount 
of  the  dry-season  flow,  can  be  secured  only  in  the  forest  soil.  Stora^r^' 
in  forest  soil,  except  in  sandy  phases,  takes  place  very  largely  throii^rh 
the  medium  of  hunms.  The  amount  of  water  which  is  actuallv 
j-etained  by  a  thin  humus  is  small,  in  fact,  a  thin  hunms  is  usuallv 
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ir  more  litter  than  liumus  and  has  a  very  low  retentive  capacity; 
ut  the  chief  functions  of  humus,  except  where  it  has  accumulated  to 
great  depth,  are  (1)  to  maintain  the  volume  and  depth  of  the  soil 
y  preventing  erosion;  (2)  to  secure  the  porosity  of  the  soil;  (3)  to 
romote  the  absorption  of  rainfall  by  the  soil  in  retarding  the  run- 
ff  of  heavy  showers  until  the  water  can  be  absorbed,  as  the  air  is 
radually  expelled  from  the  soil ;  (4)  to  act  as  a  mulch  and  lessen  the 
raporation  of  soil  moisture. 

On  coarse,  deep  sands  of  low  gradient  the  office  of  humus  is  at  a 
linimum.  There  is  no  surface  flow  of  storm  water  and  no  soil  trans- 
3rtation;  evaporation  of  soil  moisture  is  low  both  from  the  surface 
•  the  soil  and  from  transpiration  by  the  xerophytic  flora,  and  the 
rger  part  of  the  rainfall  passes  as  percolation.  With  an  increase 
the  clay  component,  greater  gradient,  and  a  decrease  in  soil  depth, 
imus  becomes  more  essential  in  supplementing  the  water-absorbing 
id  water-carrying  capacity  of  the  soil,  its  functions  in  this  respect 
staining  a  maximum  on  heavy,  shallow  clays  of  mountain  slopes. 
uch  of  the  mountain  area  of  the  Potomac  River  basin  affords  such 
mditions;  the  slopes  are  steep  and  the  soils  are  shallow,  in  part 
ams  and  in  part  clays  of  limestone  and  shale  derivation. 
Where  the  humus  is  thick,  however,  it  possesses  a  high  storage 
pacity.  While  there  is  some  doubt  in  regard  to  the  exact  amount 
Water  humus  is  capable  of  holding,  the  quantity  is  relatively  large. 
e  lowest  estimates  by  Ebermayer  place  it  at  considerably  more 
in  its  own  weight,  and  Wiley^s  investigations  of  Florida  mucks 
e  it  about  the  same  capacity,  while  Wollny,  as  quoted  by  Henry ,° 
ces  it  at  about  four  times  its  weight,  and  Henr^^'s  laboratory" 
:>eriments  tend  to  confirm  Wollny's  high  limit.  The  capacity  of 
riius  must  vary,  however,  not  only  witli  the  state  of  decomposition, 
t  with  its  origin  as  well,  since  the  pore  space  is  the  final  determinant 
its  water-bearing  capacity.  The  undecomposed  litter,  which  covers 
i  humus  and  from  which  humus  is  formed,  does  not  exhibit  the  char- 
ters of  humus  toward  water.  It  protects  the  hunms,  as  humus 
es  the  underlying  soil,  from  excessive  transportation  by  surface 
Iter  and  in  addition  from  excessive  evaporation,  acting  as  a  mulch. 
The  accumulation  of  humus  on  forest  soil  depends,  if  it  has  neither 
en  disturbed  nor  destroyed,  on  the  kind  of  species  forming  the 
rest  and  to  some  extent  on  the  soil,  the  destruction  of  humus  pro- 
?ding  rapidly  on  loose,  porous  soils,  which  permit  freer  circulation 
air  and  afford  the  condition  best  suited  for  bacteriological  activity, 
d  since  many  species  of  trees,  es})ecially  the  white  oak  and  chestnut, 
ve  a  wide  range  of  soil  adaptal)ility,  their  capacity  to  accumulate 
mus  is  modified  both  by  their  rate  of  growth  on  the  soil  and  by 
3  oxidizing  capacity  of  the  soil  on  which  they  happen  to  be  growing. 

o  Revue  ties  eaux  ct  forfits,  1904,  pp.  353  et  seq. 
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FOREST   TYPES. 

The  forest  types  can  be  arranged  in  respect  to  their  humus-forming 
capacity  about  in  the  following  order,  those  forming  the  smallest 
amounts  being  named  first  and  those  beneath  which  humus  and 
absorbent  material  accumulate  to  the  greatest  depth  last:  Pine  tjrpe, 
chestnut  oak-white  oak  type,  chestnut  type,  birch-linden-red  oak 
type,  beech-maple-hemlock  type,  and  spruce  type.         ^ 

PINE   TYPE. 

Beneath  the  pine  the  humus  is  not  only  shallow,  but  seldom  accumu- 
lating to  a  greater  depth  than  2  inches.     It  is  destroyed  so  rapidly  that 
in  the  main  it  is  barely  replaced  annually  by  the  decomposition  of  litter. 
Where  conditions  are  normal  and  the  humus  has  not  been  destroyed 
or  lessened,  the  top  soil  contains  for  a  depth  of  2  to  4  inches  a  vary- 
ing amount  of  organic  material  which  adds  greatly  to  its  absorptive 
capacity.     On  account  of  the  open  character  of  most  of  the  pine  for- 
ests and  their  situation,  which  is  usually  on  exposed  ridges,  espe- 
cially with  southern  aspects,  and  on  crests,  it  is  much  exposed  ta 
desiccation  by  both  insolation  and  wind.     Such  humus  is  largely 
protective.     Forests  of  this  character  are  situated  on  both  sandy 
and  clay  soils.     The  pitch  pine  and  table-mountain  pine,  with  their 
associated  trees,  are  on  the  sandiest  phases.     The  soils  are  usually 
shallow  or  porous.     They  include  members  of  the  Dekalb  and  Up- 
shur soil  series.     Shortleaf  pine,  with  its  associated  trees,  occurs  on 
the  driest  aspects  of  loams  and  clays  both  of  the  limestone  and  of 
the  yellow-shale  and  Upshur  series.     Jersey  pine  occurs  on  crests 
and  more  leacliy  phases  of  clays  from  yellow  shale,  as  well  as  on 
many  of  the  friable  and  easily  eroded  Cecil  and  Chester  soils  east  of 
the  Blue  Ridge.     Close-textured  soils  with  low  absorptive  capacity 
probably  form  one-half  of  the  pine  type,  the  total  area  of  which 
amounts  to  more  than  600  square  miles.     Nearly  all  of  this  area  has 
a  liighly  dissected  topogi*aphy,  many  of  the  slo})es  being  both  long 
and  steep,  and  offers,  when  denuded  of  humus,  favorable  opportunity 
for  excessive  erosion.     Under  the  conditions  of  this  type  the  protect- 
ive value  of  liumus  is   high  in  preventing  erosion  and  increase  of 
turbidity,  as  well  as  in  lessening  evaporation  of  soil  moisture  during 
the  summer  and  autumn,  to  which  this  type  of  forest  soil  Ls  much 
exposed  on  account  of  the  tliin  and  incomplete  canopy  of  the  cro^'^ 
of  the  j)ines  and  associated  intolerant  species. 

l"n fortunately,  in  much  of  this  forest  the  humus  has  been  badly 
burned  and  its  accumulation  prevented  by  repeated,  in  some  placft^ 
almost  annual,  fires.  This  condition  exists  over  large  areas.  The 
sunnnit  of  Tussey  Mountain,  a  broad,  flat-topped  ridge,  has  bed 
badly  burned.     It  now  forms  a  part  of  the  Pennsylvania  State  Forest 
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Reserve,  and  it  is  probable  that  fires  will  hereafter  be  less  frequent 
on  it.     The  humus  has  also  been  burned  from  large  areas  on  the 
west  slope  of  Town  Hill,  the  burned  areas  extending  for  several 
miles  on  both  sides  of  the  M9,ry land-Pennsylvania  State  line;  from 
extensive  areas  on  Sideling  Hill,  in  both  Maryland  and  Pennsylvania; 
from  the  Pratt  woods  on  Tenmile  Creek,  in  Allegany  County,  Md.; 
froni  the  broken  region  below  Buck  Valley,  in  the  southwest  comer 
of  Fulton  Coimty,  Pa.,  and  the  eastern  part  of  Allegany  County,  Md. ; 
from  several  long,  narrow  strips  on  the  western  slope  of  Tonoloway 
Ridge  in  both  Maryland  and  Pennsylvania;  from  large  areas  on  the 
lower  part  of  Fourmile  Creek,  and  from  smaller  areas  on  Scrub 
Ridge  and  on  the  west  side  of  Tuscarora  Mountain,  in  Fulton  County, 
Pa.    The  accumulation  of  humus  is  prevented  on  large  areas  of  pine 
forest  on  both  slopes,  but  especially  on  the  western,  of  Shenandoah 
Mountain  in  Virginia  and  West  Virginia.     Sandy  Ridge,  in  Hardy 
County,  W.  Va.,  is  frequently  burned,  as  are  smaller  areas  in  Hardy, 
Hampshire,  Mineral,  Grant,  and  Pendleton  counties,  W.  Va. ;  larger 
areas  of  pine  forest  on  the  western  slope  of  the  Blue  Ridge  in  the 
valley  of  Virginia,  and  on  the  interior  slope  of  the  west  ridge  of 
Massanutten  Mountain,  and  many  smaller  areas  in  other  places.    On 
noany  of  the  slopes  with  little  or  no  humus  soil  transportation  and 
erosion  freely  take  place,  especially  where  the  soil  from  long  exposure 
has  entirely  lost  its  humus  content.     Much  of  the  forest  has  been 
reduced  to  sprout  wood  or  scrub  oak,  and  since  the  pines  when  fire 
killed  do  not  sprout,  they  are  gradually  being  eliminated.     Owing  to 
the  suppression  of  young  timber  by  fire  the  forest  density  on  other 
weas  is  far  too  low  to  check  the  wind,  and  the  soil,  already  too  dry, 
18  exposed  to  excessive    evaporation.     There  are  more    than    200 
square  miles  of  the  pine  type  on  which  the  humus  is  too  thin  to  perfonn 
its  functions  adequately  and  on  which  the  soil  lias  undergone  evident 
deterioration  in  absorptive  capacity.     The  re^sults  from  this  condi- 
tion must  be  reflected  in  excessive  nm-off  during  heavy  storms  and 
1^  increased  evaporation  during  the  summer. 

CHESTNUT   OAK-WHrTE   OAK   TYPE. 

Humus  beneath  the  chestnut  oak-white  oak  type  of  forest  seldom 
®^ceeds  3  inches  in  depth.  This  forest,  like^the  pine  type,  is  largely 
situated  on  slopes  and  ridges  and  occupies  loams  and  clay  soils  on 
'^th  the  mountains  and  valleys.  It  is  well  represented  east  of  the 
"lue  Ridge,  and  west  of  that  range  it  is  the  prevailing  type  on  the 
^^^  phases  of  the  valley  clays,  on  all  the  thin-soiled,  loamy  slopes  of 
^he  mountains  below  an  elevation  of  3,000  feet  and  above  that  eleva- 
tion in  numerous  crests  and  ridges,  especially  those  with  southern 
^pects.     On  account  of  its  situation  on  slopes,  especially  where  on 
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heavier  soils,  as  on  the  mountain  limestones  and  the  heaYj 
clay  phases,  the  protectiye  function  of  its  humus  is  import 
preventing  erosioni  and  it  is  likewise  important  in  iNromotii 
sorption  hy  these  close  soils^  as  well  as  in  preventing  the  ex> 
evaporation  which  takes  place  from  the  days,  three  or  foiu 
that  from  the  sandy  soils.  This  type  covers  more  than  2,000 
miles,  of  which  about  700  square  miles  are  day  soils,  tiie  i^d 
being  sands,  loams,  and  clay  loams,  largely  tlub  and  in  man; 
extremely  stony  or  strewn  with  rock  bars. 

The  humus  of  this  type  has  a  small  water-canying  capad 
its  chief  function  is  protective.    It  has  been  reduced  in  tl 
over  more  than  one-half  of  *  the  area  of  this  forest  type,  lu 
more  than  300  square  miles  it  has  been  destroyed  and  its 
mulation  prevented.    The  reduction  in  thickness  is  due 
pasturage  of  sheep,  occasional  fires,  and  t^  desiccation  in 
to  thorough  opening  of  the  forest  cover  in  lumbering  or  peelii 
which  industries  are  being  extensively  prosecuted  in  the  area 
type.    Where  the  humus  is  subjected  to  a  part  or  all  of  thesi 
orating  influences  simultaneously,  the  result  is  usually  its  c 
destruction.    This  has  happened  on  large  areas  on  the  east 
Sideling  Hill  west  of  Needmore,  Fulton  County,  Pa.,  where  the 
tion  is  so  effectual  that  the  soil  has  washed  badly  on  man; 
steeper  wooded  slopes.     The  same  conditions  exist  over  larp 
on  the  west  slope  of  the  Blue  Ridge,  in  Rockingham  County, 
to  a  less  extent  in  Augusta  County,  on  the  same  range,  whi 
of  the  foothills  of  Shenandoah  and  Great  North  mountains 
counties  and  in  Frederick  County,  Va.,  and  in  Hardy  and  Ha 
counties,\V.  Va.jhave  been  reiK^atedly  burned, and  the  forest  c 
been  so  thinned  that  lar^e  areas  of  mineral  soil  are  exposed  ai 
ing.    Injury  of  a  less  degree  exists  over  areas  of  this  type  thr 
Cirant,  Pendleton,  and  Mineral  counties,  W.  Va.,  Bedford  anc 
counties,  Pa.,  and  Allegany  County,  Md.     It  is  worse  in  th 
vsettled  communities  and  near  the  routes  of  transp>ortation,  an< 
ally  diminishes  as  distance  from  these  destructive  elements  ii 
Since  the  caus(\s  whi(*h  lead  to  the  destruction  of  humus  are 
tive  in  their  effects,  the  continued  activity  in  lumbering,  i 
inevitable  fires  and  pasturage,  is  gradually  enlarging  the 
sprout  wood,  scrub  oak,  and  brush  land,  on  which  there 
humus  or  none  at  all. 

CHESTNUT   TYPE. 

The  chestnut,  with  which  usually  red  oak  is  associated  a 
elevations  and  white  oak  at  lower,  produces  a  b«fttter  hum 
either  of  the  types  already  described.  Its  hunms  frequently 
a  depth  of  4  inches  and  is  best  when  the  chestnut  is  associat 
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red  oak  or  beech.     Chestnut  reciiiires  a  deep  soil,  preferring  a  loam 
or  loamy  clay  or  lighter  soil,  and  for  this  reason  on  the  mountains  it 
grows  in  many  places  on  benches  where  there  has  been  little  soil 
transportation  and  on  lower  slopes  where  transported  material  has 
accumulated.     In  the  latter  situation  it  is  partly  sheltered  from  wind 
and  excessive  evaporation  of  soil  moisture,  but  on  benches  it  is 
much  exposed.     Humus  of  the  depth  fonned  by  chestnut  has  an 
appreciable  water-carrying  capacity  and  exerts  a  highly  beneficial 
influence  on  the  soil.     There  are  more  than  700  square  miles  o^  this 
type,  nearly  all  of  it  on  mountains.     In  very  little  of  it  has  the  humus 
been  so  completely  destroyed  as  in  the  types  already  discussed,  but 
there  are  large  badly  burned  areas  on  which  accunmlation  is  seriously 
checked.     Such  areas  occur  on  the  Blue  Ridge  in  many  places,  espe- 
cially on  the  upper  slopes  in  Page  and  the  adjoining  counties  in 
Virginia;  in  many  situations  in  the  South  Mountains,  Tuscarora 
Mountains,  and  Scrub  Ridge,  in  Adams,  Franklin,  and  Fulton  coun- 
ti«,  Pa. ;  on  the  east  face  and  fore  knobs  of  the  Allegheny  Mountains 
in  Grant  and  Pendleton  counties,  W.  Va. ;  and  on  Savage  Mountain 
and  Backbone  Ridge,  in  Allegany  County,  Md.,  and  Somerst^t  County, 
Pa.    The  total  area  (m  which  the  humus  shows  the  effects  of  recent 
fires  is  more  than  one-third  of  the  entire  area  of  the  chestnut  type. 

BIRCH-BASSWOOD-RED   OAK   TYPE. 

The  birch-basswood-red  oak  type  often  yields   humus  5   inches 
deep.     It  is  normally  confined  to  hollows  or  northern  slopes  and 
sheltered  situations,  mostly  at  high  elevations,  and  even  on  extremely 
shallow  soils  in  such  situations  the  hunuis  frequently  attains  a  depvh 
of  6  inches,  besides  filling  large  and  deep  crevices  between  the  rocks. 
Water  can  be  wrung  from  such  humus  for  several  days  after  a  rain, 
Wid  it  becomes  dr^'  and  crumbly  only  during  periods  of  long  drought. 
Many  of  the  birch  and  hemlock  roots  lie  within  the  humus,  and  it 
^doubtedly  furnishes  some  transpiration  moisture  to  these  species 
^  spite  of  the  low  absorptive  power  they  have  in  acid  hunms.     This 
^ype  cx)vers  a  considerable  area  on  the  moimtains  of  the  watershed, 
being  represented  near  the  crests  on  northern  slopes  and  in  tlie  hol- 
lows.    The  proportion  of  it  increases  with  the  altitude.     It  is  espe- 
cially well  represented   on  the   Allegheny  Mountains  and   is  least 
abundant  east  of  the  Blue  Ridge  and  in  the  Shenandoah  River  valley. 
The  total  area  probably  amounts  to  less  tlian  300  scjuare  miles.     On 
Account  of  the  moist  floor,  only  small  and  inconsiderable  areas  have 
l>een  burned,  and  in  these  the  burning  was  limited  to  the  upper  layers 
of  humus.     Heavy  cutting  in  lumbering  has  caused  deterioration  of 
the  humus  in  many  places,  and  cattle  have  done  some  damage. 
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BEECH-HARD   MAPLE-HEMLOCK   TYPE. 

Humus  accumulates  beneath  the  beech-hard  maple-hemlock  type 
to  depths  of  6  inches  or  more,  and  is  of  very  fine  quality,  fine 
grained,  and  always  moist.  On  very  rocky  land  it  is  in  places  deep 
enough  to  fill  the  crevices  between  the  large  rocks  and  seldom  becomes 
at  all  dry  except  on  top.  This  type  is  best  developed  on  the  Alle- 
gheny Mountains  at  high  elevations,  especially  above  2,000  feet,  on 
moist  slopes,  and  in  deep  hollows  and  in  similar  situations  at  the 
head  of  North  Fork  of  Potomac  River  and  on  the  moimtains  drained 
by  Seneca  Creek,  Laurel  Fork,  and  adjoining  streams.  Ix^cally  <«> 
very  rocky  soil  the  humus  seems  to  be  almost  the  only  soil  there  is. 
Here  and  there  this  type  is  well  developed  on  good  soil,  especially 
on  limestone  at  high  elevations,  as  at  the  head  of  North  Fork  of 
Potomac  River.  On  limestone  soils  thfe  humus  and  litter  are  in 
places  a  foot  or  more  deep  and  the  weeds  and  small  undei^owth  are 
extremely  rank  and  thick.  Where  there  has  been  no  lumbering  the 
forest  cover  is  dense  and  there  is  low  soil  evaporation.  This  lot 
evaporation  is  partly  offset,  however,  by  high  transpiration  from  the 
deciduous  trees  of  this  type.  Humus  of  this  type  has  a  high  storap 
capacity.  It  is  burned  but  rarely,  and  then  the  fire  is  usually  con- 
fined to  the  top  layers.  Considerable  areas  have  been  badly  burned, 
after  lumbering,  on  Stony  River,  Difficult  Creek,  and  Buffalo  Creek, in 
Grant  County,  W.  Va.,  in  the  south  end  of  Garrett  Count}',  Md., and 
smaller  areas  elsewhere.  Unless  burnings  are  frequently  repeated, 
which  is  rarely  the  case  except  where  cutting  in  lumbering  is  severe. 
and  unless  l^raniblos  and  such  shrubs  as  make  large  amounts  of  dn 
l)nish  become  thick,  the  humus  is  replaced  in  a  few  years.  This  type 
of  forest  covers  about  300  scjuare  miles.  In  60  square  miles  of  this 
area  tlie  humus  is  shallow  on  account  of  (ires. 

SPRUCE    TYPE. 

Iluimis  5i('(  iiiuulates  to  a  depth  of  several  inches  beneath  spruce 
forests,  and  in  addition  there  is  a  deep  moss,  the  lower  layers  of 
which  hold  a  large  amount  of  water.  In  the  Potomac  basin  spruce 
is  confined  to  the  thinn(\st  soiled,  stoniest  land  at  elevations  above 
3,000  feet.  Much  of  the  land  has  no  soil  at  all,  the  loose  stone  lyin? 
on  the  undeconiposed  sandstone;  in  other  places  the  soil  is  only  i 
few  inches  deep,  or,  if  deeper,  is  so  coarse  as  to  be  scarcely  more  tlian 
gravel.  There  are  69  square  miles  of  such  spruce  land  situated  on 
Stony  River,  Difficult  Creek,  and  Buffalo  Creek,  in  Grant  County. 
W.  Va.,  and  on  Seneca  Creek,  Laurel  Fork,  Spruce  Mountain,  and 
Tamarack  Ridge,  in  Pendleton  County,  W.  Va.,  and  Tligliland 
County,  Va.,  on  the  very  headwaters  of  North  Branch  and  North 
Fork  of  the  Potomac.     T\\\^  \s  \\\i>  region  of  heaviest  rainfall  in  the 
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usin  (pp.  34-40)  and  the  region  where  the  best  humus  is  needed. 
F  the  total  area  of  spruce  land,  48  square  miles,  or  considerably 
ore  than  half,  has  been  burned  either  before  or  after  lumbering, 
id  the  humus  and  forest  soil  have  been  entirely  destroyed.  The 
imed  areas  are  southwest  of  Bismarck,  at  the  head  of  Stony  River, 
id  at  the  head  of  Buffalo  Creek,  in  Grant  County,  W.  Va.,  and  on 
[>ruce  Mountain  and  along  the  face  of  the  Allegheny  Mountains,  in 
Bndleton  Coimty,  W.  Va.  Most  of  this  is  burned  bare  or  has  a 
tant  cover  of  blueberry  and  brambles,  which  have  gradually  spread, 
•ver  other  areas,  especially  where  the  soil  is  best,  birch  and  popple 
nd  fire  cherry  are  colonizing  and  reestablishing  forest  conditions. 
he  area  of  this  burned  land,  however,  is  rapidly  increasing  as  lum- 
Bring  proceeds.  The  absence  of  the  absorbent  humus  and  moss 
^er  these  thin-soiled  areas,  where  it  is  most  necessary,  must  have 
a  appreciable  influence  on  the  movement  of  storm  waters  in  the 
feams  which  drain  these  areas.  No  turbidity  comes  directly  from 
lis  land. 

While  the  reestablishment  of  normal  humus  conditions  would 
idoubtedly  have  a  beneficial  effect  in  alleviating  the  danger  from 
gh  floods,  the  division  of  the  forest  into  so  large  a  number  of  nar- 
w  strips  on  the  moimtains,  its  diverse  ownership,  its  location  in 
ur  States,  and  the  rapid  progress  of  lumbering  assure  a  progressive 
centuation  of  the  unfavorable  conditions. 

MELTING  OF  SNOW. 

High  turbidity  usually  accompanies  the  spring  floods  of  April  and 
sty  caused  by  the  melting  of  the  snow  on  the  mountains  at  the  head 

the  river,  especially  on  the  Allegheny  Mountains.  The  longer 
e  process  of  melting  the  lower  is  the  flood  crest  and  the  lower  the 
Dompanying  turbidity.     The  coniferous  forest.s  are  instrumental 

prolonging  the  melting  of  the  snow.  Near  Hancock,  Md.,  at  an 
5vation  of  600  feet  above  sea  level,  a  20-inch  snow  which  fell  dur- 
r  March,  1906,  was  nine  days  longer  in  melting  beneath  the  cover 
Jersey  pines  than  on  adjacent  field  land  with  the  same  soil,  slope, 
d  aspect.  At  the  head  of  the  river  the  spruce  forest,  with  its  more 
nse  foliage,  must  exert  a  greater  effect  than  Jersey  pine  in  prolong- 
g  melting.  Some  difference,  though  much  loss  marked,  was 
>ticed  in  the  melting  of  snow  in  the  deciduous  forest  of  oak  and  in 
e  adjoining  fields.  The  total  area  of  coniferous  forest  in  the 
)tomac  basin  is  more  than  700  s(|uare  iiiiles,  and  its  influence 
ust  be  considerable  in  distributing  the  crest  of  floods  from  melting 
ow,  by  retarding  melting  in  the  forest  land  and  by  promoting 
►sorption  and  subterranean  drainage. 
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PROTECTIVE  FORESTS. 


The  State  of  Pennsylvania,  realizing  the  inability  of  private  own- 
ers to  supply  the  technical  knowledge  necessary  to  manage  small 
forest  areas  in  such  a  manner  as  to  make  them  permanent  earning 
investments,  as  well  as  the  necessity  of  properly  protecting  by 
forests  the  headwaters  of  the  large  rivers  of  the  State,  has  pur- 
chased extensive  areas  of  mountain  forest  land  within  its  borders. 
Portions  of  this  land,  lying  on  Tussey  Mountain,  Tuscarora  mnd  ita 
associate  mountains,  and  Jack  and  Green  mountains,  are  on  the  ; 
Potomac  watershed,  although  the  greater  portion  is  on  the  Susque-  I 
hisama,  which  is  essentially  a  Pennsylvania  stream.  The  further  \ 
extension  of  this  protective  forest  to  the  south  and  southwest,  to  j 
include  the  most  important  moimtain  areas  in  the  Potomac  basin  1 
in  Maryland,  West  Virginia,  and  Virginia,  is  desirable.  Where  the  i 
States  are  imable  to  assume  either  the  cost  or  the  responsibility  of  j 
acquiring  and  managing  such  large  areas  for  the  protection  of  interstate  j 
streams,  this  duty  devolves  on  the  Federal  Government,  whenever  ^ 
the  States  concerned  grant  the  Government  the  right  to  acquire  : 
and  hold  such  property.  This  right  has  already  been  granted  by 
the  legislatures  of  two  of  the  States  under  consideration — Vii^nia 
and  We^t  Virginia — in  connection  with  the  establishment  of  the 
proposed  Southern  Appalachian  Forest  Reserve,  and  it  would  doubt- 
less be  extended  by  them  to  include  the  Potomac  drainage  basin. 
On  account  of  the  importance  of  the  Potomac  as  a  source  of  domestic 
water  supply,  an  Appalachian  fores t-reserv^e  system  could  fittingly 
be  inaugurated  by  the  acquisition  of  the  important  forested  moun- 
tain lands  in  its  basin,  and,  with  the  already  extensive  Pennsylvania 
system,  two  important  watei sheds  of  the  Middle  Atlantic  drainage, 
the  Susquehanna  and  Potomac,  would  be  protected. 

The  control  of  the  waters  of  the  East  by  the  Federal  Government 
for  the  benefit  of  the  people  is  as  important  as  the  control  of  those 
of  the  West  for  extending  irrigation,  and  the  principle  which  under- 
lies the  withholding  of  public  money  by  not  selling  forest  land  is  the 
same  as  that  which  underlies  the  acquiring  of  forest  land  by  pur- 
chase for  similar  purposes. 

One  ('(msideration  in  the  selection  of  such  forests  on  the  Potomac 
basin  should  have  reference  to  their  protecting  small  mountain 
streams  whicli  can  be  utilized  as  sources  of  water  supply  for  near-by 
towns  and  citi(\s.  The  water  from  such  forest-protected  basins  i> 
of  great  purity,  cloarnoss,  and  softness,  and  its  general  use  by  the 
towns  is  desirable,  not  only  on  their  own  account,  since  it  furnishe? 
them  a  pure  supply,  but  because  by  ]>urifying  their  supply  these 
towns  are  largely  eliminated  as  sources  of  typhoid  fever. 

The  limestone  springs  which  arc  useul  by  many  towns  are  nioro 
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posed  to  contamination  than  freestone  springs.  The  latter  are 
^n  only  to  local  surface  contamination,  while  many  sink  holes  on 
»ms,  which  are  the  dumping  places  for  waste,  communicate  with 
idergroimd  streams  that  are  in  numerous  places  the  sources  of  lime- 
<Mie  springs.  Many  limestone  springs  are  also  streams  which  have 
mk  and  reappeared  on  the  surface  at  the  spring.  Numbers  of  such 
Brings  are  easily  traceable  to  streams  which  have  sunk  in  the  Cum- 
niand  Valley,  in  the  valley  of  Virginia,  and  on  South  Branch  of  the 
otomac. 

When  the  towns  using  springs  or  water  from  small  streams  which 
re  open  to  pollution,  such  as  that  used  by  Chambersburg,  Pa.,  find 
necessary  to  obtain  new  sources  of  supply,  either  because  of  inade- 
aacy  of  their  present  supply  or  on  account  of  its  known  pollution  or 
aestionable  purity,  as  is  the  case  with  Leesburg,  Va.,  no  purer  water 
m  be  obtained  than  that  from  streams  of  forest-protected  watersheds. 
Vo  towns  on  the  Potomac  watershed  in  Pennsylvania  are  already 
iking  advantage  of  the  permanent  purity  which  the  Pennsylvania 
)rest  reserves  guarantee  and  have  made  use  of  streams  in  forest 
iserves  as  sources  of  supply.  These  towns  are  Mercersburg,  which 
aes  Trout  Rim  in  the  Tuscarora  Moimtains,  and  Waynesboro, 
hich  uses  streams  in  the  South  Moimtain  Forest  Reserve.  TTO 
5ar-by  city  of  Hagerstown,  Md.,  has  recently  sought  a  purer  supply 
om  the  streams  of  South  Mountain  in  Maryland,  a  few  miles  south 
the  streams  which  supply  Waynesboro.  There  is  assurance  neither 
permanency  or  purity  to  its  supply,  however,  since  the  watershed 
privately  owned  and  the  number  of  farms  is  increasing,  with  the 
instant  danger  of  contamination. 

Such  a  system  of  protective  forests  as  has  been  suggested  need  not 
^  designed  to  include  the  headwaters  of  all  the  streams  in  the  basin. 
It  should,  primarily  at  least,  be  planned  to  include  all  those  which 
>w  afford  a  water  supply  to  towns  of  the  basin  or  which  by  their 
tuation  will,  in  the  future,  be  necessary  as  sources  of  water  supply, 
'^ith  many  of  these  towns  the  amount  of  the  supply  will  be  a  matter 
r  consideration  as  well  as  the  purity,  and  the  protection  of  the 
xmus  and  the  forest  floor  will  be  beneficial,  while  the  regular  cutting 
hich  would  be  carried  on  imder  the  policy  of  protection  forests 
ould  in  no  way  jeopardize  the  amount  or  regularity  of  the  stream 

)W. 

EXTENSION  OF  THE  CLEARED  AREA. 

While  for  a  mountain  region  a  large  proportion  of  the  land  in  the 
)tomac  basin  has  been  cleared,  the  limit  has  by  no  means  been 
ached.  During  the  period  between  1880  and  1890  the  uninter- 
pted  emigration  to  the  West  checked  further  clearing  of  rough  land 
r  small  farms,  and  on  account  of  the  agricultural  depression  in  the 
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following  decade  there  was  little  incentive  for  further  extension  of  the 
fanned  area.     In  fact,  much  land  was  abandoned  in  Franklin  and 
Bedford  counties,  Pa.,  and  in  Allegany  and  Garrett  counties,  Md.,  and 
some  in  Hardy,  Hampshire,  Mineral,  and  Grant  counties,  W.  Va. 
The  present  feeling  in  the  East  that  the  West  no  longer  offers  any 
better  opportunity  for  fanning  for  the  man  of  limited  means  than  the 
East  has  checked  emigration  and  given  a  new  impetus  to  farming  in 
this  section.     In  addition  to  the  fact  that  the  man  of  small  means, 
who  twenty  years  ago  would  have  gone  West,  is  now  buying  a  small 
farm  at  home,  usually  in  timber  which  he  clears,  two  other  causes 
have  stimulated  additional  clearing.     (1)  One  of  these  is  the  release 
for  farming  purposes  of  recently  logged  timber  land  or  recently 
opened  coal  land.     Much  of  this  land  is  of  good  quality  for  farming, 
and  as  rapidly  as  it  is  lumbered  it  is  cleared  and  put  in  cultivation,  or 
if  too  rough  for  tillage  the  large  trees  are  killed  by  girdling,  the 
ground  is  burned  over  to  kill  the  brush,  and  the  land  is  put  in  grass.  \ 
The  high  price  of  sheep  has  made  this  profitable,  and  lai^e  areas  of  1 
rough  land,  some  of  it  extremely  steep  and  thin  soiled,  are  being  ^ 
sodded  in  this  way  on  and  along  the  Allegheny  Mountains.    Extai'  ^ 
sive  areas  are  being  opened  for  grass  land  on  Laurel  and  Strai^t  ] 
foi^  of  North  Fork  of  the  Potomac,  following  the  lumbering  of  hem- 
lock and  hardwoods,  and  for  general  farming  on  Savage  River,  follow-  ^ 
ing  the  lumbering  of  hardwoods,  while  over  the  entire  basin  there  is  at 
present  a  steady  addition  to  the  farming  area  of  recently  lumbered 
land.     (2)  The  extension  of  fruit  and  especially  of  peach  culture  dur- 
ing the  past  decade  has  led  to  the  clearing  of  a  large  amount  of  steep, 
sandy  mountain  land.     Some  of  the  largest  orchard  districts  which 
have  been  cleared  in  the  past  few  years  are  on  the  south  slope  of 
Tonoloway  Ridge,  in  Washington  and  Franklin  counties.  Pa.,  where 
a  heavy  limestone  soil  has  been  selected  for  apple  culture.     Large 
areas  on  the  southern  slopes  of  Town  Hill,  in  Allegheny  County,  Md., 
and  on  Patterson  Creek  Mountain,  Knobly  Mountain,  North  Moun- 
tain, Jersey  Mountain,  and  the  Allegheny  Front,  near  Keyser,  have 
been  cleared  for  peaches.     Much  of  this  land  would  seem  to  be  too 
steep  and  the  slopes  too  long  for  permanent  profitable  cultivation. 
While  the  soil  l)eneath  an  orchard  is  protected  by  a  cover  crop  during 
the  winter,  clean  culture  is  given  during  the  summer,  subjecting  steep 
slopes  to  the  erosion  of  heavy  summer  rains.     It  is  possible  that  with 
the  lessening  of  the  profits  which  are  now  obtained  and  which  are  due 
to  the  freshness  of  the  land  and  the  immunity  from  insect  pests  the 
portion  of  this  land  which  is  least  favorably  situated  will  be  aban- 
doned. 

Further  contraction  of  the  forest  area  tends  to  increase  the  ab^J 
large  disparity  between  niaximuin  and  minimum  flows  of  the  streams, 
with  the  concomitant  influences  on  the  potability  of  the  water. 
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TITRBIDITY  IN  RK8KftVOIR8  AT  WASIirNGTON,  D.  C. 

The  water  supply  for  Washington,  D.  C,  before  going  to  the  filter 
eds  usually  passes  through  three  settling  reservoirs.  From  the 
itake  at  Great  Falls  it  is  piped  to  the  Dalecarlia  Keservoir,  about 
ght  hours  being  required  for  the  journey.  The  water  remains  in  the 
^ecarlia  Reservoir  about  one  day  and  is  then  pumped  to  the 
«orgetown  Reservoir.  Thence  it  passes  to  the  Washington  Reser- 
oiTy  which  is  located  at  the  filtration  plant,  about  5  miles  distant. 
Jbout  two  days  are  consumed  in  the  passage  from  the  Georgetown 
Reservoir  through  the  Washington  Reservoir  and  through  the  filter 
eds.  From  these  beds  the  water  passes  to  a  distributing  reservoir. 
Tie  conduits  at  the  reservoirs  are  so  arranged  that  any  reservoir  can 
e  cut  out  of  service  without  interrupting  the  flow  from  the  other 
Bservoirs  or  from  the  river. 

The  river  water  which  enters  the  Dalecarlia  Reservoir  is  usually 
urbidy  the  turbidity  varying,  according  to  the  standard  of  the  United 
States  Geological  Survey,  from  3,000  or  more  during  periods  of  flood 
n  the  river  to  15  or  20  after  long  periods  of  little  or  no  rainfall  on  the 
Potomac  watershed  above  the  intake.  In  general,  it  may  be  said  that 
•he  turbidity  will  be  in  excess  of  300  for  about  forty-three  days  in  tlie 
?car,  above  50  and  less  than  300  for  about  one  hundred  and  twenty- 
Aree  days,  and  less  than  50  for  the  remaining  period.  It  will  exceed 
jOOO  for  probably  less  than  eighteen  days.  The  fu-st  settling  to  lessen 
he  turbidity  takes  place  in  the  Dalecarlia  Reservoir  and  removes  the 
heater  portion  of  the  heaviest  silt  and  a  large  part  of  the  clay  from  the 
^ater,  but  the  clearness  of  the  water  when  it  leaves  tliis  reservoir 
epends  largely  on  its  initial  turbidity.  ,  Further  clarification  by 
titling,  though  slight  compared  with  that  which  takes  place  in  the 
^lecarlia  Reservoir,  occurs  in  both  the  Georgetown  and  Washington 
sservoirs.  The  finer  material  which  oc<5asions  most  of  the  turbidity 
'ter  the  water  leaves  the  Dalecarlia  Reservoir  settles  very  slowly. 
alimentation  usually  proceeds  with  a  certain  expected  uniformity,  a 
gh  percentage  of  turbidity  being  eliminated  from  water  of  a  high 
urbidity  and  a  smaller  percentage  from  that  of  a  lower  turbidity, 
ving  to  the  slower  settling  of  the  finer  particle^s  which  cause  the  low 
rbidity.  The  greater  proportion  of  clarification  in  water  of  higli 
rbidity  is  suggested  by  Mason  as  being  duo  to  the  well-known  teu- 
►ncy  of  larger  falling  particles  to  drag  down  witli  them  very  fine  par- 
oles, and  even  matter  in  solution.  The  subsiding,  heavier  silt  drags 
>wn  not  only  much  of  the  finest  day,  but  bacteria  as  well.  It  is 
iportant,  therefore,  that  the  sedimentation  m  the  Dalecarlia  Keser- 
)ir  be  as  thorough  and  uninterrupted  as  possible,  since  after  the  set- 
Ing  of  the  heavier  particles  the  finer  material  which  is  left,  having 
ile<l  to  be  carried  down  by  t  he  coarse  material,  remains  in  suspension  ^^gj 
•eat  while  and  is  with  difficulty  eliminated  from  the  water  by  furthfi^r 
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sedimentation.  Only  a  certain  proportion  of  it  is  removed  by  filtn 
tion,  and  it  follows  that  the  lower  the  turbidity  of  the  water  as  it  goes  t 
the  filter  beds  the  more  pellucid  the  effluent. 

At  different  times,  but  usually  during  the  winter  and  spring,  o 
account  of  wave  action  produced  by  wind,  sedimentation  in  the  rese] 
voirs  not  only  takes  place  very  slowly  and  irregularly  or  not  at  al 
but  additional  turbidity  is  acquired  by  the  water  from  the  scouring  ( 
the  sides  or,  at  shaUow  places,  the  bottoms  of  the  reservoirs,  a  portio 
of  the  thin  coating  of  silt  and  clay  that  has  previously  been  deposite 
being  again  taken  up  in  suspension.  With  this  increase  in  turbidit 
a  portion  of  the  recently  deposited  bacteria  are  also  redistribute 
through  the  water. 

The  period  of  wind  agitation  of  water  in  small  lakes  and  reservoirs 
as  has  been  pointed  out  by  Birge,  is  largely  limited  to  the  winter  an< 
early  spring  months,  after  the  water  has  become  homothermous 
During  the  summer  and  early  fall  the  temperature  of  the  surface 
water  becomes  much  higher  than  that  of  the  water  at  the  bottom  of 
the  reservoir,  and  the  surface  water  is  consequently  much  lighter,  there 
being  a  warm,  superficial  stratum  of  water,  the  colder  bottom  stratum, 
and  a  thin  stratum  between  them  in  which  the  temperature  rapidly 
falls,  called  by  Birge  the  thermocline. 

Wind  agitation  of  water  during  the  summer  and  autumn,  when  the 
stratified  condition  is  present,  is  largely  confined  to  the  lighter  super- 
ficial layer,  which  does  not  readily  mix  with  the  dense  layer  at  the 
bottom,  and  there  is  little  churning  of  this  bottom  layer  to  cause 
added  turbidity.  The  depth  of  the  water,  however,  has  some  influ- 
ence, the  stratification  being  most  marked  and  the  difTerence  in 
temperature  and  density  greatest  in  deep  water.  The  upper  and 
lower  layers  become  more  iinifonii  in  thermal  and  physical  properties 
with  lessened  depth,  and  the  susceptibility  to  wind  agitation  during 
the  summer  increases.  For  this  reason  the  deep  reservoir  Ls  least 
disturbed  by  wave  action. 

During  winter  and  spring,  however,  when  the  temperature  of  the 
water  is  about  the  same  tlu'oughout,  constant  wind  action,  though 
light,  from  any  one  direction,  will  easily  cause  a  complete  overtuniing 
of  the  water  in  the  reservoir.  The  thermal  resistance  to  wind  action 
which  is  oflered  by  water  is  greatest  in  sununer.  In  the  winter  it  i> 
greater  in  the  day  than  at  night  and  greater  during  sunny  days  than 
during  cloudy  weather.  For  this  reason  wind  agitation  is  at  its 
maximum  during  cloudy  winter  weather.  The  situation  of  Washing- 
ton fa  vol's  the  existence  of  a  long  i)eriod  in  which  the  thermal  condi- 
tions are  conducive  to  wave  action.  The  winter  and  spring  period  i^*^ 
long;  tliere  are  a  large  number  of  cloudy,  windy  days,  and  on  compara- 
tively few  days  is  tlu*  weather  so  cold  that  the  reserv^oirs  are  frozen 
and  protected  against  wind  influences. 
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March,  1906,  was  a  windy  month,  and,  notwithstanding  the  low 

turbidity  of  the  raw  river  water,  except  for  a  few  periods  of  short 

duration,  the  turbidity  of  the  water  in  the  reservoirs  remained  higher 

than  that  in  the  river,  exhibiting  constantly  the  influence  of  wind 

action.     The   turbidity  of  the  water  in   the  Dalecarlia  Reservoir 

remained  so  high  that  it  was  temporarily  dropped  from  service  and 

water  from  the  river  diverted  direct  into  the  Georgetown  Reservoir; 

and  during  a  short  period  of  very  high  turbidity  in  the  Georgetown 

Reservoir  and  lower  turbidity  in  the  river,  March  9  and  10,  the  river 

water  was  pumped  direct  to  the  Washington  Reservoir  and  thence 

to  the  filter  beds.     There  was  scarcely  a  day  between  March  13  and 

March  22  when  the  turbidity  of  the  water  in  each  of  the  reservoirs  was 

not  higher  than  that  of  the  river  water. 

After  filtration  the  water  is  passed  into  the  distributing  reservoir. 
Under  low  wind  conditions  water  turned  into  this  reservoir  at  a  tur- 
bidity of  8  or  9  will  become  during  the  day  slightly  clearer  by  sedimen- 
tation, but  during  this  period  no  subsequent  clarification  whatever 
took  place.  The  following  table  shows  the  influence  of  the  wind  in 
raising  the  turbidity  in  each  of  the  reservoirs  for  seventeen  days  in 
March: 

Turbidity  record  of  Washington  water  supply,  Marek  6-22^  1906. 


Turbidity  of  water  at— 

Tur- 
bidity of 
effluent 
after 
nitra- 
tion. 

Tur- 
bidity of 
water  in 
the  dis- 
tributing 
reser- 
voir. 

Maxi- 
mum 
wind 

velocity 

(mUes 

per 

hour)  A 

ToUl 

wind 

during 

24  hours 

(miles). 

Direction 
of  wind  at 

time  of 
maximum 
veloclty.o 

Day. 

Great 

Falls 

inUke. 

820 
180 
120 
110 
95 
130 
.  50 
35 
2(i 
20 
65 
40 
28 
22 
22 
35 
40 

Dale- 
carlia 
Reser- 
voir. 

260 
6350 
&250 
ft  260 
6350 
6350 
6300 
M80 
M80 
6  260 
6350 
6250 
6  250 
6  180 
6  180 
6  180 
6  180 

Gcorgr- 
town 

Reser- 
voir. 

Wash- 
ington 
Reser- 
voir. 

e 

70 

110 

6  120 

6  120 

6  110 

6  100 

100 

90 

70 

55 

45 

50 

45 

35 

28' 

26 

35 
40 
45 
65 
80 
80 
80 
05 
80 
90 
60 
55 
50 
53 
55 
45 
35 

5 
5 
5 
5 
5 

14 
11 
9 
24 

146 
77 
110 
233 
327 
154 
278 
168 
.1(50 
266 
183 
274 
138 
141 
380 
248 
302 

South. 

7...    



South. 

«..    

North. 

«...     

West. 

10.    

31 

We^t. 

11..: 

15 
26 
12 
11 
21 
18 
24 
11 
13 
31 
18 
22 

South. 

12.  

6 
7 
8 
9 
9 
9 

Northwest. 

13. 

7 
7 
8 
8 
8 

Northeast. 

u. 

Northeast. 

15.:: 

Northeast. 

16.  

Northwest. 

17. 

Northwest. 

18.: 

Northwest. 

i». 

9 

8 

8 
8 

Southeast. 

ao. 

Northwest. 

^.::::::::.::. 

South. 

22.. 

8 

8 

Northwest. 

. 

1 

a  Wind  velocity  and  direction  taken  from  records  of  the  U.  8.  Weather  Bureau. 
6  Reservoir  not  in  service  on  account  of  high  turbidity. 

During  January^  1906,  for  a  period  of  more  than  a  week,  the  tur- 
bidity, both  in  the  river  and  in  the  Dalecarlia  Reservoir,  was  low, 
but  there  was  a  high  increase  in  that  of  both  the  Georgetown  and 
V^ashington  reservoirs.  The  wind  velocities  were  low^,  but  the  wind 
^as  constant,  the  prevailing  directions  being  from  the  west  and 
Northwest.  The  high  turbidity  of  the  effluent  after  filtration  is  due 
to  only  a  portion  of  the  filter  being  in  operation. 
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Turbidity  record  of  Waithingion  water  supply ,  January  13-19, 1906. 


T 

urbidlty  o 

Daie- 
carUa 
Reser- 
voir. 

f  water  at 

Oeorgiv 
tovm 
Reser- 
voir. 

Wash- 
ington 
Reser- 
voir. 

Turbidity 
of  effluent 

after 
filtration. 

20 
20 

Maxi- 
mum 
wind 
velocity 
(miles 

hour>. 

1 

Total  DiKCtiM  1 
wind      ofwindrt  J 

during  .  tineol  ^ 
24  hours    m&ximam    - 

(miles).  1    vHodty. 

Day. 

Great 

Fails 

intake. 

12 

26 
35 
28 
3.5 
35 
30 
30 

45 
28 
28 
28 
35 

30 

50 
55 
85 
80 
70 
HO 
45 

70 
G5 

eo 

60 
60 
60 
55 

16 
10 
17 
28 
20 
17 

170      West. 

13 

14 

248    North. 
122    W«t 

Ih 

is 

12 
10 
11 

203    Soatb. 

Ifi 

17 

226    Northwwt 
183    West. 

IH 

303  1  Northwttt 

During  the  suininer  and  autunin,  when  the  water  is  stratified,  even 
wind  velocities  of  15  to  25  miles  an  hour  usually  have  little  effect  if 
the  weather  is  bright  and  warm.  A  five-day  period  of  high  wind- 
May  6-10,  1906,  during  bright,  warm  weather — was  accompanied  by 
constant  decrease  in  the  turbidity  of  water  in  the  reservoirs.  A 
period  of  cloudy  and  rainy  weather,  very  cool  for  the  season,  two 
weeks  later,  May  24-26,  so  far  equalized  the  temperature  of  the  water 
in  the  reservoirs  that  even  lighter  but  steady  winds  showed  an  appre- 
ciable influence  in  preventing  sedimentation,  and  the  effluent  after 
filtration,  which  normaUy  should  have  shown  a  turbidity  of  1  or  less, 
rose  to  3.  The  same  effects,  and  usually  to  a  greater  degree,  are 
apparent  on  windy,  cloudy  days,  especiaUy  when  cold,  throughout 
every  inontli  in  the  year.  The  comparatively  lo\v  velocity  of  the 
wind  which  occasionally,  especially  during  the  winter  months,  causes 
hitrli  turbidity,  suggests  the  use  of  wind-breaks  of  heavy-foliaged, 
coniferous  trees  around  the  reservoirs,  or  at  least  on  those  sides  froin 
which  the  prevailing  winter  and  spring  winds  blow%  which  are  now 
unprotected. 

To  be  most  efficient  a  w^ind-break  must  begin  afew^  feet  back  of  the 
water  level  of  the  reservoir.  The  shelter  power  of  a  wind-break  is 
variously  estimated,  but  for  winds  of  low  velocity  such  as  prevail  here, 
even  a  low  wind-break  would  lessen  wind  acti(m  for  a  considerable 
distance  from  the  edge  of  the  reservoir.  The  overturning  of  the 
water  would  recpiire  higher  wnnds  and  w^ould  be  less  complete.  Liho- 
cfclrus  or  a  mixture  of  Lihocedrus  and  Xorw^ay  spruce  w^ould  probably 
be  sufficiently  tolerant  not  to  become  open  below^  until  50  feet  high, 
when  they  could  ])e  underplanted  with  a  more  tolerant  species,  or 
rows  of  young  trees  could  be  planted  behind  them.  These  species 
will  also  })robably  stand  the  warm  summers  and  autumns  of  Wash- 
ington, on  account  of  the  high  humidity.  Henalock  would  be  an 
ideal  tree  but  for  its  slow  growth,  w^hile  the  native  red  cedar  has  a 
desirable  shape,  but  is  t(K)  small  and  too  intolerant. 

The  Dalecarlia  Reseryoir,  where  the  raw^  water  is  received  from 
file  Potomac,  and  wlieio  \\\ii  fo^V  ^^wXwv^ot  ihe  coarsest  matter  in 
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suspension  takes  place,  is  an  irregularly  shaped  basin  with  an  extreme 

length,  including  the  narrow  arms,  of  more  than  half  a  mile.     The 

depth  of  the  water  in  many  of  the  aims  and  over  a  considerable  portion 

of  the  body  of  the  reservoir,  owing  to  settling  up  by  the  sediment 

which  has  been  deposited  from  the  water  for  many  years,  is  less  than 

12  feet,  and  at  the  end  of  one  of  the  arms  it  is  even  more  shallow,  the 

bottom  sloping  up  froiri  a  depth  of  about  9  feet  to  the  shore.     This 

rc&ervoir  occupies  a  deep  valley,  with  partly  wooded  hills  rising  more 

or  less  abruptly  from  the  edges  of  the  reservoir  to  heights  of  50  to 

200  feet,  the  summits  of  the  hills  lying  from  one-eighth  to  one-half 

mile  distant  from  the  reservoir.     The  reservoir  valley  is  entirely  open 

toward  the  south  end,  through  which  it  drains  into  the  river,  and  at 

the  northwest  end,  where  it  is  fed  by  a  small  stream.     There  are 

several  other  deep  diverging  gorges,  two  of  which  are  sufficiently 

deep  to  hold  arms  of  the  reservoir. 

The  highest  hills,  rising  more  than  200  feet  above  the  surface  of 
the  water  in  the  reservoir,  lie  to  the  north  and  east,  but  their  sum- 
mits are  about  half  a  mile  distant  from  the  reservoir,  and  probably 
only  the  steep  lower  slopes,  with  a  height  not  exceeding  100  feet, 
afford  any  protection  to  the  reservoir  as  a  wind  barrier.  On  the 
south  and  west  sides  the  hills  are  only  about  65  feet  above  the  sur- 
face of  the  water,  and  on  account  of  the  great  length  of  the  reser- 
voir they  protect  less  than  half  of  it  from  southwesterly  and  westerly 
winds.  The  greater  portion  of  the  west  end  of  the  reservoir  is 
exposed  to  winds  which  come  up  the  open  south  valley.  A  portion 
of  the  west  end  of  the  reservoir  is  likewise  unprotected  from  north- 
erly winds,  which  would  follow  the  north  prong  of  the  valley,  or 
from  northeasterly  winds,  which  would  follow  the  east  prong  of  the 
Valley. 

The  rebound  of  the  \^4nd  from  the  steep  slopes  on  the  eastern  side 
of  the  reservoir  and  the  wind  currents  which  follow  the  gorge-like 
Valleys  possibly  explain  the  quick  response  of  the  water  to  winds 
of^even  low  velocity.  The  period  when  this  agitation  is  most  con- 
stant and  most  pronounced  is  the  season  of  defoliation  of  the  hard- 
wood timber  on  the  surrounding  slopes,  when  these  trees  are  of  least 
efficiency  as  a  windbreak.  It  is  pointed  out  by  Professor  Bigelow, 
of  the  Weather  Bureau,  that  local  windstorms  frequently  follow 
these  narrow,  gorge-like  valleys,  either  in  converging  toward  Potomac 
Hiver  or  in  spreading  frcmi  it. 

This  constant  wind  action  during  the  spring  at  the  Dalecarlia 
Reservoir  can  be  reduced  by  the  construction  of  breakwaters,  one 
across  the  northwestern  ann  and  one  across  the  southern  arm.  The 
tops  of  the  breakwaters  should  be  20  feet  wide,  and  a  double  row  of 
evergreen  trees  should  be  planted  alternately  along  each,  which  will 
still  further  decrease  the  amount  of  water  surface  exposed  to  the 
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full  sweep  of  the  wind,  by  protecting  parts  of  the  body  of  the  res«f- 
voir  from  winds  which  come  through  the  southern  and  northern 
gorges.     Similar  breakwaters  could  be  placed  across  the  other  arms 
and  one  across  the  middle  of  the  reservoir,  the  tops  of  all  being 
planted  with  a  double  row  of  evergreen  trees.     Every  contraction  of  i 
the  large  unbroken  water  surface,  which  is  now  offered  for  wave 
action,  as  well  as  any  diversion  of  the  wind  from  the  surface  of  the 
water,  will  be  beneficial.     It  is  desirable  to  have  the  setthng  which 
takes  place  in  this  reservoir  as  perfect  as  possible  irrespective  of 
whether  the  sides  of  the  reservoir  are  paved  or  not,  since  the  cleamesB 
with  which  the  water  leaves  this  reservoir  in  large  measure  controls 
the  condition  of  the  effluent  of  the  filter.     Undisturbed  subsidence 
of  the  coarser  silt  is  very  desirable,  as  has  been  previously  explained, 
since  when  this  takes  place  much  of  the  very  fine  suspended  matter, 
including  bacteria  as  well  as  Ihe  clay  particles,  is  carried  to  the 
bottom  by  the  silt  as  it  descends. 

The  Greorgetown  Reservoir  is  situated  about  200  yards  north  of 
Potomac  River,  on  the  south  slope  of  the  river  hills.  It  is  about 
75  feet  above  the  river,  while  to  the  north  the  hill  gradually  rises, 
within  the  distance  of  a  mile,  about  200  feet  higher  than  the  reservoL^. 
It  is  entirely  exposed  to  winds  from  the  northwest  and  west,  which 
come  down  the  river  gorge,  and  to  those  from  the  east,  southeast, 
and  south,  which  come  up  the  river.  On  account  of  the  gentle 
slope  of  the  hills  to  the  north  the  shelter  afforded  by  them  is  slight. 
A  breakwater  separates  the  reservoir,  which  is  nearly  a  third  of  a 
mile  long,  into  two  lagoons  and  lessens  the  violence  of  wind  action, 
especially  under  high  northwest  winds.  The  southern  and  south- 
eastern sides  of  the  reservoir  are  formed  by  high  banks,  which  have 
been  built  up  and  are  rather  steep  on  the  outside.  Except  at  a  few 
points  along  these  banks,  where  some  additional  banking  to  broaden 
the  crest  might  he  necessary,  there  is  room  around  the  entire  reser- 
voir for  a  double  row  of  trees  for  a  windbreak,  and  in  places  for 
three  or  more  rows.  Protection  against  wind  is  especially  desirable 
on  the  west,  northwest,  and  southwest  sides  of  the  reservoir,  since 
these  are  the  directions  of  the  prevailing  winds  during  winter  and 
spring,  when  the  water  is  in  an  unstable  condition  and  lacks  ade- 
quate thermal  stratification  to  prevent  overturning.  The  planting 
of  the  breakwater  is  also  desirable. 

The  Washington  City  Reservoir  is  situated  at  the  northeastern 
edge  of  the  city,  on  an  abrupt  rise  about  120  feet  above  the  river 
and  more  than  2  miles  distant  from  it.  To  the  southwest  and  south  the 
country  is  lower  than  the  reservoir,  and  the  wind  has  no  check  when 
coming  from  these  directions.  To  the  north  and  west  nearby  build- 
ing's and  the  gently  sloping  hills  on  which  Petworth  and  the  Soldiers' 
Home  are  situated  rise  i\md\  ^\ioN^  VW  x<iservoir.     The  slope  of 
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B  hills,  however,  is  so  gradual  that  their  protective  value  is 
)tful.  The  reservoir,  which  has  a  surface  of  about  45  acres,  is 
it  one-fourth  mile  long  and  crescent  shaped,  and  since  its  longer 
'nsion  lies  northwest  and  southeast,  both  the  high  north  westerly- 
Is  of  winter  and  the  southeasterly  winds  of  early  spring  have 
lecked  play  upon  the  surface.  At  times  when  the  water  is 
ratified  a  breakwater  in  the  center  would  lessen  churning  from 
I.  Its  sides  should  be  paved  and  its  top  sufficiently  widened 
wo  rows  of  trees  to  be  planted.  Windbreaks  of  three  rows  of 
I  should  be  planted  on  the  north,  west,  and  south  sides  of  the 
"voir.  On  the  northeast  side  the  filter  beds  are  so  close  to  the 
•voir  that  not  more  than  two  rows  can  be  planted. 


THE  EFFECT  OF  SOME  INDUSTRIAL  AVASTES 

ON  FISHES. 


By  M.  C.  Marsh. 


INTROOITCTION. 

At  the  instance  of  the  United  States  Geological  Survey,  through 
which  most  of  the  samples  were  furnished,  the  experiments  herein 
detailed  were  made  by  the  United  States  Bureau  of  Fisheries  for  the 
purpose  of  learning  the  approximate  concentrations  at  which  the 
various  industrial  and  other  pollutions  flowing  into  the  Potomac 
basin  are  fatal  to  the  food  and  game  fishes  of  the  region.  The 
sources  of  the  industrial  wastes  with  which  experiments  were  made 
are  discussed  on  pages  191-246. 

The  species  on  which  the  observations  were  chiefly  made  are  the 
'arge-mouthed  black  bass  (Micropterus  salmoides  Lac6pSde)  and  the 
yellow  perch  (Perca  Jlavescens  Mitchill).  These  were  selected  as  typ- 
ical species  of  the  Potomac  fresh-water  fishes,  comparatively  hardy 
ftnd  prolific,  and  valuable  both  as  game  and  food.  The  perch  were 
young  and  vigorous  individuals,  about  15  cm.  in  length,  taken  from 
the  fish  lakes  of  the  Bureau  of  Fisheries  in  Washington.  They  were 
hatched  naturally  in  Potomac  River  and  had  strayed  through  the 
Screens  of  the  ponds  when  small.  The  black  bass  were  young  fiishof 
^  length  of  7  to  12  cm.  and  were  hatched  and  reared  in  these  fish  lakes. 
The  bass  and  perch  were  brought  from  the  lakes  in  small  lots  at 
short  intervals  and  held  in  flowing  tap  water,  and  may  be  considered 
^qual  in  vigor  and  resisting  powers  to  normal  wild  fish  not  affected 
^y  aquarium  conditions.  When  any  material  difference  of  tempera- 
'^re  existed  between  the  water  from  which  the  fish  were  taken  and 
he  pollution  or  dilution  into  which  they  were  transferred  the  change 
^f  temperature  was  gradually  made. 

In  addition  to  these  two  species  a  few  salmon  and  trout  frj^  and 
thers  were  *used  as  indicated  in  the  discussion.  The  "shiner"  is 
^^otropis  hudsonius. 

The  reaction  of  water  which  will  support  fish  life  must  be  slightly 
Ikaline.  When  the  water  becomes  even  slightly  acid  fishes  can  not 
i^Ve  in  it,  and  in  experimenting  with  acid  pollutions  the  alkalinity  of 
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the  water  used  as  a  diluent  of  course  affects  the  results.  In  all  the 
present  trials  Potomac  service  water  was  used  for  diluting  the  pollu- 
tions and  for  the  controls.  Its  alkalinity  was  determined  at  inter- 
vals during  the  winter  by  titration  with  decinormal  suli)huric  acid, 
methyl  orange  indicator,  and  varied  from  46  to  52  parts  per  million 
of  calcium  carbonate  equivalent. 

METHODS. 

The  conditions  under  which  foreign  substances  exercise  an  effect 
on  fishes  in  the  streams  can  not  for  the  most  part  be  exactly  dupli- 
cated in  the  laboratory.  A  continual  flow  of  water  impregnated  con- 
stantly with  a  known  amount  of  the  foreign  matter  xmder  observation 
has  not  been  practicable  in  these  tests.  The  method  followed  con- 
sisted in  making  a  known  dilution  of  the  pollution  with  Potomac  tap 
water,  uitroducing  a  small  number  of  fish  into  the  dilution  held  in 
open  glass  jars  at  the  room  temperature  and  leaving  them  until  they 
died  or  until  the  experiment  was  othenvise  ended. 

All  pollutions  were  tried  wath  no  aeration  of  the  dilution  save  that 
occurring  spontaneously  at  the  surface,  and  many  of  them  were  in 
addition  tried  with  artificial  aeration  by  introducing  at  the  bottom  of 
the  jar  a  continuous  current  of  air  broken  into  minute  bubbles  by 
passing  it  through  linden  plugs,  as  is  usual  in  maintaining  large 
aquaria.  The  volume  of  the  diluted  pollution  used  in  a  single  trial 
was  usually  10  liters,  but  varied  from  5  to  30  liters.  The  fish  were 
not  fed  wliile  subjected  to  the  trials.  In  the  cases  where  a  dilution 
failed  to  kill  the  trial  was  continued  as  long  as  circumstances  allowed, 
in  some  instances  two  or  three  months.  Controls  were  carefully 
carried  and  are  separately  discussed. 

It  is  obvious  that  these  laboratory  conditions  differ  in  some  impor- 
tant particulars  from  those  prevailing  in  polluted  streams.  In  the 
first  place,  the  fishes  can  not  be  subjected  for  very  long  periods  to  the 
influence  of  the  pollution,  for  other  causes  will  terminate  the  experi- 
ment, and  thus  the  long-continued  influence  of  very  diluted  pollutions 
which  are  not  fatal  for  short  periods  are  not  covered.  The  aeration 
which  occurs  in  flowing  streams  is  greater  than  in  standing  dilutions 
and  less  than  in  dilutions  artificially  aerated  as  described,  and  aera- 
tion in  many  cases  modifies  considerably  the  polluting  agent.  The 
fish  in  jars  are  of  course  held  under  very  unnatural  conditions  as  to 
their  immediate  surroundings,  particularly  in  the  matter  of  space, 
but  this  does  not  complicate  the  matter  much,  since  in  aquaria  with 
flowing  water  they  may  be  held  almost  indefinitely. 

Notwithstanding  these  difl'erences  between  the  experimental  pollu- 
tion and  that  naturally  occurring,  which  obviously  impair  the  accu- 
racy  of  the  results  in  the  owe  c«Lse  as  applied  to  the  other,  it  is  equally 
obvious  that  informatioii  oi  vB\ue>  xa«c^'  \>^  ^\i\.^\\i^^%xAtWt  reliable 
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oferences  may  be  drawn  from  such  experiments.  Standing  dilutions 
without  artificial  aeration,  which  are  quickly  fatal,  will  be  likewise 
atal  in  natural  waters,  and  standing  dilutions  copiously  aerated, 
fc'hich  are  uniformly  fatal  even  after  considerable  time,  would  be  prac- 
ically  certain  to  kill  in  the  same  or  shorter  period  in  streams.  Where 
maerated  dilutions  fail  to  kill  during  exposures  which  terminate 
fter  a  few  days,  it  is  not  unreasonable  to  make  some  inference  respect- 
ag  the  further  dilution  necessary  t6  render  the  pollution  harmless, 
exnembering  that  an  acclimating  process  will  tend  to  offset  the 
ifluence  of  the  more  prolonged  exposure. 

The  temperature  of  the  dilutions  was  substantially  that  of  the 
ontrols. 

A  check  jar  in  Potomac  water  was  not  set  for  ever>^  trial,  but  a 
eries  of  checks  was  started  at  different  times  covering  the  whole 
Bries  of  pollution  experiments.  The  results  from  the  fish  in  the  10- 
ter  samples  of  Potomac  water  are  given  in  the  accompanying  table 
nd  show  that  one  perch  and  one  bass  will  live  for  weeks  in  that  amount 
f  water  standing  without  other  than  the  natural  surface  aeration, 
without  food  and  at  a  temperature  between  15°  and  20°  C.  They 
aay  be  summed  up  briefly,  as  follows : 

In  three  trials  one  small  bass  lived  an  average  of  72  days  in  10  liters 
>f  water,  and  none  less  than  50  days.  In  two  trials  a  perch  lived  44 
jid  46  days,  respectively,  in  the  former  case  nearly  half  the  water 
evaporating,  owing  to  the  greater  surface  area.  In  two  trials  with  two 
>ass  in  each,  one  died  after  55  days  and  the  other  in  the  same  jar 
tfter  71  days.  In  the  other  jar  one  died  after  69  days,  while  the  other 
v^as  alive  at  the  close  of  this  record,  on  the  seventy-fourth  day. 

In  eight  trials  with  one  bass  and  one  perch  together  in  10  liters  both 
lurvived  an  average  period  of  24  days.  There  is  considerable  indi- 
vidual variation,  for  among  these  eight  trials,  the  fish  being  selected 
)y  chance  from  presumably  healthy  individuals  in  the  supply  tank, 
n  one  case  the  bass  died  on  the  third  day,  while  in  another  neither 
ish  died  until  the  forty -third  day.  Some  unnoticed  injury  may 
)ossibly  account  for  the  death  of  this  bass  within  3  days. 

One  bass  3  inches  long  in  5  liters  of  water  in  a  McDonald  hatching 
ar,  with  occasional  aeration,  lived  102  days,  the  surface  area  of  water 
exposed  to  the  air  being  215  sq.  cm. 

In  general  the  fish  in  Potomac  water  survived  much  longer  than 
,he  fatal  periods  for  fish  in  polluted  water  and  fulfilled  their  office  as 
jontrols  for  the  latter. 

In  the  few  cases  where  the  pollution  trial  was  carried  on  in  a  vol- 
ime  less  than  10  liters  accompanying  controls  were  set  of  which  no 
iirther  statement  is  made.  The  control  is  implied  if  not  expressed, 
md  no  uncontrolled  results  are  included  in  the  statements  of  fatal 
concentrations.  ^ 
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Each  pollution  or  refuse  matter  which  is  customarily  thrown  Into 
the  waters  of  the  Potomac  or  its  tributaries  will  be  described  briefly, 
and  the  quantity  or  concentration  necessary  to  kill  stated  as  nearly 
as  the  experiments  permit.  The  concentration  is  expressed  as  parts 
of  the  pollution  sample  in  parts  of  the  dilution.  For  example,  "  1  in 
100"  means  1  part  of  the  pollution  as  received,  plus  99  parts  of  water 
by  volume  or  a  1  per  cent  solution. 

The  following  table  shows  the  results  of  experiments  in  10-liter 
samples  of  Potomac  water  in  glass  jars;  temperature  of  water,  4.5°  to 
8°  C.  at  beginning,  fluctuat  ing  with  the  room  temperature,  and  never 
higher  than  20°  C;  area  of  exposed  surface  of  water,  500  sq.  cm. 
unless  otherwise  stated: 

Re^ts  of  experiments  on  fish  in  Potomac  service  water. 


Number  of 


Date  of  l)eginning. 


Pert'h. 


Length 
—  -  of  bass 
Bass.      (em.). a 


IV:  ell  na«8 
lived  lived 
(days).'  (days). 


January  9. 
Do.... 
Do.... 


Do 

January  21 . 
January  31. 

f'ebniary  9 . 


Dm 

Do 

Febniarv  \h. 


1 

T    r 

1 

l.h 

44 

46 

1 

11 

1 

11 

n 

2 

11 

2 

1 

11 

10 

1 

11 

-12 

i:{ 

1 

10 

17 

11    12 
11    12 


M 
41 
■l.i 


3 

7 

ri5 

71 

m 

6  78 
13 
fK) 
34 
37 
.V> 


Remarks. 


967  sq.  em.  water  surface  expowd;  4J 

liters  evaporated. 
2  liters  evaporated;  4  e.  c.  of  oxygen  ixr 

liter  after  18  days. 
Abandoned  on  third  day. 


Porch  spawned  after  thirty-ftrst  day. 


"  Tlio  loimlh  of  tlir  iii(ii\  i«liml  i.rrcli  Nva.s  not  taktMi,  ns  thev  were  all  of  nearlv  the  same  size-  (n.^m  l-'-J 
loir.  ctii. 
6  Alivr  at  dost'  of  nH'(tr<l. 


PAPKK   AND    PI  I.P   3ITT^Ti   WASTKS. 

Spruce  fiber.  This  consists  of  coarse  short  fibers  of  spnice  wood 
which  do  not  pass  tliroutjjh  the  screen  that  separates  the  liner  fibers 
from  t]i(^  P^ilp  made  by  grinding  the  logs.  It  was  received  from  mills 
at  Harpers  Ferry,  W.  Va.,  in  damp  balls  which  lost  about  38  per  cent 
in  weight  by  air  drying. 

One  kilogram  of  tlie  damp  fibers  in  2S  liters  of  tap  water  failed  to 
kill  or  apparently  harm  black  bass  during  10  days.  During  the  first 
4  (lays  the  fibers  were  held  in  a  cheese-cloth  bag,  and  during  the 
remaijider  of  the  time  they  were  free  iji  the  water  without  causing 
any  mechanical  injury,  though  the  fish  were  annoyed  when  the  fibers 
were  occasionally  distributed  by  stirring.  The  bass  were  about  6 
inches  in  length,  and  the  water  was  constantly  aerated. 

Spnu'c  strips  or  .v/Hirin(|x,  [Hivthj  harl\ — These  are  sliverings  from 
the  outer  portion  of  llie  \o^  and  *\\\d\id^\)oV\s.>«Q<:i^^\5LdWrk. 
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Two  hundred  and  fifty  grams  of  the  shavings,  in  28  liters  of  water, 
ith  continuous  aeration,  was  fatal  to  bass  within  24  hours.  Fifty 
•ams  was  not  fatal  during  7  days,  though  the  solution  became  very 
irk  brown.  A  small  constant  flow  of  water  prevents  any  fatal 
feet.  Three  hundred  c.  c.  per  minute  passing  through  2  kilograms 
■  the  shavings  held  in  a  30-liter  jar  failed  to  kill  bass  during  7  days, 
le  brown  tinge  of  extracted  bark  disappearing  from  the  eflluent 
ter  the  first  day. 

Spruce  bark, — One  hundred  grams  of  the  bark  stripped  or  cut  from 
le  above-mentioned  shavings,  in  28  liters  of  water,  with  aeration, 
illed  bass  within  19  hours.  Fifty  grams  failed  to  kill  during  3  days, 
he  woody  portion  of  the  shavings  without  the  bark  has  no  effect. 
Poplar  chips  and  dust, — When  logs  are  prepared  for  digesting  to 
lip  by  cutting  instead  of  grinding,  the  product  of  the  cutter  is 
reened.  That  which  passes  the  screen  is  the  dust  referred  to  and 
le  larger  pieces  the  chips.  The  two  portions  differ  only  in  the  size 
'  the  pieces,  the  dust  consisting  of  particles  larger  tlian  coarse  saw- 
ist,  while  the  chips  are  much  larger.  This  material  was  from  the 
ill  at  Luke,  Md. 

The  aqueous  extract  from  both  chips  and  dust  is  fatal,  the  latter 
ore  rapidly  so,  since  it  extracts  more  readily.  One  kilogram  of  the 
lips,  free  and  floating  in  28  liters  of  water,  wuth  aeration,  killed  10 
linnat  salmon  frj^  within  17  hours,  the  solution  being  colored 
ightly  brown.  Five  hundred  grains  killed  2  out  of  10  frj'  within  22 
>urs,  8  within  30  hours,  and  all  within  50  hours.  Tlu*ee  hundred 
•ams  of  the  dust,  wrapped  in  cheese  cloth,  killed  10  fr^^  within  22 
)urs,  the  water  taking  on  a  brown  tinge  within  one-lialf  hour.  One 
mdred  grams  killed  10  fry  between  the  third  and  fourth  days. 
Five  hundred  grams  of  the  chips  were  placed  in  28  liters,  with  aera- 
on,  and  1  mummichog,  1  sunfish,  1  goldfish,  and  1  shiner  were  intro- 
iced.  Four  days  later  1  kilogram  of  chips  was  added,  but  after  10 
iys  all  were  alive.  Three  hundred  grams  of  dust,  wrapped  in  cheese 
oth,  were  placed  in  28  liters,  with  aeration,  and  1  each  of  the  species 
imed  added.  They  soon  showed  symptoms  of  being  affected,  but 
id  not  succumb,  and  on  the  fourth  day  500  grams  of  dust  were 
Ided.  On  the  seventh  day  the  mummichog  and  shiner  were  dead, 
it  after  10  days  no  more  deatlLs  had  occurred. 

The  action  of  fish  in  poplar-wood  extract  was  imusual  and  seemed 
i  be  characteristic.  They  came  to  tlie  surface  when  its  effects  began 
>  be  felt,  but  not  for  lack  of  oxygen,  since  the  water  was  constantly 
jrated.  Later  they  swam  about  in  a  slanting  position,  and  the  sal- 
lon  fry  assumed  the  perpendicular,  some  of  tlioni  whirling  slowly  or 
tpidly  on  a  vertical  axis  before  succumbing. 
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Sulphite  liquor,  ^ — This  is  the  spent  liquor  from  the  digesters  in 
paper-pulp  manufacture  by  the  sulphite  process,  and  is  a  dark-browB 
liquid  of  peculiar  odor,  markedly  acid  in  reaction,  and  of  1.028  spe- 
cific gravity  at  11®  C.  It  is  a  complex  of  imperfectly  known  sub- 
stances designated  technically  as  "sulphonated  lignone  bisulphite 
compounds,''  and  is  a  waste  of  considerable  importance  occurring  in 
large  amounts  in  some  regions.  These  samples  were  from  the  West 
Virginia  Pulp  and  Paper  Company,  Covington,  Va.  The  following 
table  gives  the  results  in  detail : 

flffcct  of  fftUphiie  liquor  on  perchj  hass^  and  hrooh-trotU  fry. 

[lO-liter  dilutions  for  pcri'h  and  ha.»»:  1  to  3  litora  for  trout  fry.    Porch  and  bass  trials  with  1  individuAl 

of  nach  species.] 

j        Time  (hours)  required  to  kill- 


DUutlon. 

Perch. 

Bass. 
24 

Brook-trout  fry. 

Without  aeration: 
1  In  10 

Iln20 

411 

1  ln30..  .   . 

22  (all  of  12). 
22-41  (aU  of  12). 
48  (9  of  12). 

1  in  40 ; 

1  in  50 

lintiO 

76 
70 

47 

1  in  70 

43 

1  in  75 

113  (10  of  12). 

1  in  80 

46 
52 
46 
70 

46 

OI7 

29 

70 

«18 

89 

48 

a  10 

1  in  100 

1  In  120 

1  In  140 

1  In  150 

1  in  170 

1  in  200 

1  In  200  (second  trial)  ..                    ... 

With  aoration: 

1  in  r)0..       .   .             

C) 

Day.s 


t>  Not  killed  in  27  days. 


Tlio  niarkinl  irretrnlarity  in  the  reaction  of  the  fishes  to  the  sulphite 
liquor  is  presumably  due  to  their  individual  variation.  Even  with 
the  rather  extended  series  of  trials  the  dilution  which  is  certainly 
harmless  to  bass  and  j)er('h  can  not  be  stated,  but  may  be  inferred  to 
be  sliglitly  weaker  than  1  in  200.  Brook-trout  fry  in  the  sac  stage  are 
more  resistant  to  the  sulphite  than  either  bass  or  perch.  Aeration  of 
tlie  dilutions  lessens  their  toxicity  very  markedly,  1  in  50  with 
continuous  artificial  aeration  failing  to  kill  either  bass  or  perch  durin^r 
27  days,  wlien  tlie  trial  was  abandoned.  It  has,  in  fact,  been  suggested 
that  the  harmful  effects  of  sulj)hitc  pollution  in  streams  were  due  to 
the  abstraction  of  dissolved  oxygen  from  the  water  by  the  oxidizable 
sulphite  and  the  consequent  suffocation  of  fishes.  Determinations  of 
tlie  oxygen  on  sulphite  dilutions  protected  from  the  air  appear  to 
show  that  no  loss  of  dissolved  oxygen  sufficient  to  account  for  the 
death  of  fishes  occurs.  A  long,  narrow-necked  flask,  holding  about 
1,800  c.  c,  was  filled  to  the  brim  with  a  1  in  100  sulphite  dilution  at  3° 


«  One  sample  of  this  was  fwnushed  by  l>t.  ^,  C  V.^n's >  <lVrector  of  the  laboratory  of  the  dty  waWf 
department,  Richmond,  Va. 
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C.  (tap  water)  and  kept  for  23  hours  at  14°  C.  The  dissolved  gases 
'W'ere  then  boiled  off  and  6.5  c.  c.  of  oxygen  per  liter  were  found, 
'W^hich  is  not  much  short  of  air  saturation.  Since  there  was  a  slight 
exposure  to  the  atmosphere  the  experiment  was  repeated,  using  a  1  in 
25  dilution  at  14.5°  completely  sealed  and  held  for  19  hours,  at  the 
end  of  which  period  its  temperature  was  18°  C.  and  it  contained 
4  c.  c.  of  oxygen  per  Hter.  A  1  in  25  dilution  causes  the  death  of  all 
ordinary  fishes  in  a  few  hours,  but  this  could  not  occur  from  suffoca- 
tion in  water  thus  oxygenated. 

Bleach  sludge. — A  clear,  colorless,  strongly  alkaline  liquid  of  1.006 
specific  gravity  at  9°  C.  and  containing  a  heavy  white  sediment. 
The  clear  liquor  alone  was  used.  Chloride  of  lime  is  the  basis  of  the 
bleaching  liquor.  This  waste  comes  from  paper-pulp  manufacture  by 
the  soda-lime  process. , 

In  unaerated  dilutions  1  in  300  killed  perch  within  23  hours,  and  1 

in  400  on  the  ninth  day;  1  in  500  was  abandoned  as  not  fatal  after  14 

days.     In  aerated  dilutions  1  in  300  killed  perch  in  20  to  44  hours  and 

1  in  400  was  not  fatal  during  5  days.     Aeration  does  not  materially 

affect  the  toxicity. 

TANNERY  WASTES. 

^^ Sour  hark  liquor J^°^ — A  dark-colored  acid  waste  containing  small 
amounts  of  tannic  acid  from  the  aqueous  extraction  of  oak  bark; 
specific  gravity  1.005  at  17°  C. 

In  unaerated  dilutions  1  in  2  killed  sunfish  in  30  minutes;  1  in  10 
killed  bass,  perch,  and  shiners  in  16  hours,  1  in  20  within  24  hours,  1 
in  30  within  30  hours,  and  1  in  40  within  24  hours;  1  in  50  failed  to 
kill  bass  during  65  hours.  1  in  30,  aerated,  failed  to  kill  bass  and 
shiners  during  47  hours.  The  dilutions  darken  in  color  very  rapidly 
with  aeration  and  more  slowly  when  standing  without  artificial 
aeration. 

^^Rocker  sour  hark  liquor J^  ** — A  brownish,  cloudy,  acid  liquor  labeled 
"  valueless  in  tannic  acid ;''  specific  gravity  1 .007  at  10°  C. 

Unaerated,  1  in  30  fatal  to  bass  in  41  to  68  hours;  1  in  60  failed  to 
kiirbass  during  9  days,  but  was  fatal  to  perch  in  20  hours;  1  in  100 
killed  perch  in  22  hours,  1  in  120  in  3  days,  and  1  in  140  failed  to  kill 
perch  in  4  days.  Aerated,  1  in  20  fatal  to  bass  in  18  hours;  1  in  30 
not  fatal  during  6  days,  but  killed  perch  in  16  hours;  1  in  40  killed 
perch  in  17  hours.  Perch  are  much  more  susceptible  to  this  liquor 
than  bass.  Like  the  other  bark  liquors,  the  dilutions  grow  very  dark 
by  exposure  to  air. 

^* Dye-house  liquor.'^ ^ — A  greenish  liquid  \w\{\\  some  dark  sediment 
about  neutral  in  reaction:  specific  gravity  1.003  at  10°  C. :  without 
pronounced  taste.     Dilutions  have  a  yellow  color  and  the  undiluted 

Or  From  tannery  of  W.  D,  Byron  <fc  Sons,  WilUamsport.  Md. 


344  THE    POTOMAC    RIVER    BASIN.  • 

liquor  tinges  the  stock  bottle  a  yellow  color,  which  doe^  not  readily 
wash  out. 

Undiluted  and  unacrated,  bass  are  killed  in  li  hours.  Unaerated, 
1  in  2  was  fatal  to  bass  and  perch  in  19  hours;  1  in  5  to  bass  in  24 hours; 
1  in  6  to  perch  and  bass  in  43  hours;  1  in  8  to  bass  in  20  hours, to 
perch  in  23  to  42  hours;  1  in  10  to  bass  in  11  days,  but  failed  to  kill 
perch  in  12  days;  1  in  15  failed  to  kill  perch  in  31  days,  but  killed  bass 
in  9  days.  The  fish  killed  by  the  stronger  dilutions  were  dyed  yellow 
in  color. 

'^Bate.''^ — A  straw-colored  liquor;  specific  gravity  1.004  at  9°  C; 
alkalinity  400  parts  per  million  (Ca  CO3 equivalent);  contains  caustic 
lime. 

The  undiluted  liquor  killed  a  bass  in  20  minutes.  Unaerated,  1  in  5 
killed  bass  in  16  hours,  1  in  6  in  4  days;  1  in  7  and  1  in  10  failed  to  kill 
during  4  days. 

1  ''Soak  liquor^^  from  hides, ^ — A  colorless  neutral  liquid,  of  1.002 
specific  gravity.  It  contains  merely  small  amounts  of  sodium  chlo- 
ride soaked  from  the  hides  preserved  in  salt  and  appears  to  be  harm- 
less, the  aerated  undiluted  liquor  failing  to  affect  bass  during  4  days. 

A  sample  of  only  1  liter  from  Cumberland,  Md.,  labeled  "sample 
from  soaks"  is  apparently  of  a  similar  nature,  but  was  too  small  for 
extended  trials.  T Undiluted  and  aerated,  a  bass  was  killed  within  18 
hours,  but  the  fish  was  anemic  and  unhealthy  at  the  beginning.  A 
perch  died  in  a  1  in  3  aerated  dilution  after  15  days,  but  since  this 
fish  had  survived  ])rovi()iis  expeiiinents  with  other  pollutions,  ami 
the  dilution  was  less  than  3  liters  in  volume,  the  result  tends  rather 
to  show  that  the  soak  has  no  toxic  j)roperties. 

Bass  changed  directly  from  fresh  Potomac  water  into  a  solution 
of  common  conunercial  salt  of  1.02.")  specific  gravity,  which  is  approxi- 
mately the  density  of  sea  water,  are  killed  \\'ithin  a  few  minutes. 
J^ass  were  killed  in  less  than  16  hours,  j)erch  within  42  hours,  by 
transfer  from  fresh  water  to  a  1.015  solution.  The  change  from  fresh 
water  to  a  l.OlO  solution  failed  to  kill  either  during  14  days. 

"Sour  lupior  fail  linudUr/^ — An  acid  liquor  of  pinkish  color  and  foul 
odor,  extracted  originally  from  hemlock  hark;  specific  gravity,  1.013. 

Unaerated,  1  in  15  killed  bass  in  4  hours;  1  in  20  in  6  hours;  1  in 
30  bass,  perch,  and  mummichogs  in  IS  hours;  sunfish  in  24  hours: 
1  in  40  killed  ])ass  and  p(Tch  in  17  hours;  1  ih  50  killed  bass  in  24 
hours,  j)erch  in  2\)  hours;  1  in  60  killed  bass  in  29  hours  and  failed 
to  kill  ])erch  in  54  hours.  Aerated,  1  in  10  killed  a  shiner  in  30  min- 
utes, hass  in  2  hours;  1  in  30  killed  a  mummichog  in  41  hours,  perch 
in  W)  hours;  1  in  35  and  1  in  40  killed  perch  and  bass  in  17  hours: 
1  in  50  failed  to  kill  ])erch  and  bass  duiing  5  days.     The  dilutions 

o  From  tiinuory  ol  \V.  r>.  Ryroii  i^  Sons.  Williainsport,  M«l. 

t»  From  \aun«>ry  t>l  A\iv\u\Ae\oiv  VxivvXXxvi'c  Vo\\\vvv\\n  A^«^t«.l>leton,  W.  Va. 
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e  darkened  by  exposure  to  air,  this  taking  place  more  rapidly  when 
ey  are  artificially  aerated,  which  turns  them  grayish  black. 
''Lime  liquor.^ ^^ — ^A  small  sample  of  liquor  showing  caustic  lime 
kalinit}\ 

Unaerated,  1  in  20  killed  perch  in  5i  hours,  while  1  in  50  was  not 
tal  during  a'  trial  of  30  days. 

''Sample  from  hmrwash^r.^'^ — A  cloudy  gra^nsh  liquid,  of  1.004  spe- 
fic  gravity  at  14®  C,  and  alkalinity  630  parts  per  million. 
Unaerated,  1  in  10  killed  perch  in  less  than  17  hours,  1  in  20  in 
ss  than  23  hours,  and  1  in  50  failed  to  kill  during  13  days. 
Lime  and  sodium  svlphide,  ^ — A  dirty-yello\vnsh,  strongly  alkaline 
t,000  parts  per  million)  liquor,  specific  gravity  1.015  at  7°  C. 
Unaerated,  with  bass,  1  in  5  fatal  in  30  minutes,  1   in  120  in  70 
ours,  1  in  150  failed  to  kill  during  43  days,  1  in  180  fatal  in  90  hours; 
ith  perch,  1  in  10  fatal  in  less  than  20  hours,  1  in  40  in  19  hours, 
in  100  in  21  hours,  1  in  160  in  20  hours,  1  in  180  not  fatal  during 
days,  and  1  in  200  not  fatal  during  44  days.     Aerated,  1  in  100 
illed  perch  in  17  hours,  1  in  150  killed  perch  in  one  case  in  24  hours, 
I  another  only  after  8  days.     Brook- trout  fry  in  the  sac  stage  are 
lore  resistant  than  either  perch  or  bass.     With  unaerated  dilutions 
liter  in  volume,  at  10°  C,  1  in  40  killed  all  of  12  fry  in  less  than  17 
>urs,  1  in  50  killed  9  of  15  in  40  hours,  and  1  in  SO  killed  7  of  12  in 
)  hours. 
This  liquor  is  the  most  toxic  of  all  the  tannery  pollutions  (examined. 

I>\TC  WASTES  FHOM  KXITTIXCi   MILLS.' 

Spent  chrome  liquor. — A  brownish,  transparent,  strongly  acid  liquor, 
'  1.005  specific  gravity  at  10°  C. 

Undiluted,  the  liquor  killed  bass  in  1  hour.  Unaerated,  1  in  10 
lied  bass  in  3  hours,  1  in  20  in  20  hours,  1  in  30  in  1()  liours,  1  in  40 
45  hours,  1  in  50  in  44  hours,  1  in  60  not  fatal  in  45  hours:  1  in  30 
tal  to  perch  in  24  hours,  and  1  in  50  not  fatal  durin<^  4  days.  Acr- 
ed, 1  in  30  killed  bass  in  25  hours,  1  in  40  in  43  liours,  1  in  50  in 
days,  1  in  60  in  43  hours,  1  in  70  in  4S  hours;  1  in  30  and  1  in  60 
iled  to  kill  perch  in  14  days. 

This  liquor  acts  as  a  coagulant  of  the  turbidity  in  Potonuic  water. 
Spent  dye  liquor. — A  brownish,  nearly  neutral  liquid,  specific  gravity 
010  at  10^  C. 

The  undiluted  and  unaerated  licjuor  was  fatal  to  bass  in  3  hours. 
naerated,  1  in  2  was  fatal  to  bass  in  20  hours,  1  in  ."i  in  17  hours, 
in  7  in  3  days,  and  1  in  10  only  after  SS  days.  1lic  })a>-s  in  I  in  10 
ceived  no  food  and  its  death  was  no  doubt  liasicncd  }>y  siarv}itir)n. 


o  From  tannery  of  riiito<l  St/it<!s  I/«Mih<  r  <'»mp.iti\ .  (  uinl^  rl  inl.  M'l. 

6  From  J.  K.("o-.«r,V:  Sons  Klkton.  M.l. 

«From  mill  of  ]i\-u-  Kidp.  KtiiUin^r  <'oiiirMriv.  Il.a'<r  toun.  M.l 
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This  dilution,  though  of  a  marked  brownish-yellow  color,  is  probably 
entirely  harmless,  and  the  result  may  be  regarded  as  a  control. 
Unaerated,  1  in  8.5  failed  to  kill  perch  during  8  days. 

SEWAGE. 

Sewage  from  human  habitations  is  fatal  to  fishes  on  account  of  the 
exhaustion  of  the  dissolved  oxygen  caused  by  the  luxuriant  growth 
of  aerobic  bacteria.  Ten  liters  from  the  Seventeenth  street  canal 
in  Washington  killed  bass  and  perch  in  less  than  17  hours  when  the 
sewage  was  not  aerated.  Another  portion  aerated  artificially  failed 
to  kill  during  the  53  hours  in  which  the  fish  were  kept  imder  observa- 
tion. A  sample  from  the  James  Creek  canal,  unaerated,  killed  perch 
and  bass  at  the  end  of  16  hours.  With  aeration  no  deaths  or  distress 
occurred  during  48  hours.  In  the  unaerated  samples  the  fish  give 
evidence  of  suffocation,  leaping  about  spasmodically  and  then  sinking 
weakly  to  the  bottom  as  if  exhausted.  Oxygen  determinations  after 
the  death  of  the  fish  showed  about  1  c.  c.  per  liter,  and  a  sample  in. 
which  no  fishes  had  been  held  contained  scarcelj"  more. 

WA8TE8    FROM    MLAJNTJFACTURE    OF    IliliUMIKATING   GAS. 

Illuminating  gas  is  itself  markedly  fatal  to  fishes.  Gas  from  the 
service  pipes  was  allowed  to  bubble  into  20  liters  of  tap  water  near 
the  surface  for  3  to  4  minutes,  and  the  resulting  solution  killed  a  perch 
within  20  hours. 

WASTES  FROM  THE  WATER-GAS  PROCESS. 

Filter  effluent.-  A  cloiuiy  t!:rayish  liquid  with  a  moderate  odor  of 
pis:  specific  gravity  1.00  at  24°  C.  This  is  the  effluent  from  filter 
beds  wliic-li  remove  the  tarry  oils  at  the  plant  of  the  Washington  Gas 
Li^ht  Comj)any. 

Ijidiluted  and  unaerated,  it  was  fatal  to  bass  within  6  minutes. 
Unaerated,  1  in  10  killed  bavss  in  22  hours,  1  in  20  killed  perch  in  68 
lioiirs,  1  in  30  failed  to  kill  perch  during  \V1  days,  and  in  1  in  50  a 
j)crch  spawned  after  24  days  and  died  the  next  day.  Control  perch 
usually  (lied  after  spawning. 

Tar  from  irelh. — This  sanij)le  consisted  of  two  parts,  a  floating 
black  tarry  liquor  and  a  grayish  watery  liquid  beneath. 

The  lighter  liquid,  which  floats  diluted  1  in  1,000,  unaerated,  killed 
a  perch  in  a  few  minutes,  and  1  in  100,000  caused  e\ndent  distress 
within  9  hours,  hut  did  not  kill  until  the  fifth  day. 

The  heavi(»r  gra^nsh  liquid,  diluted  to  1  in  40,  unaerated,  was  fatal 
to  perch  within  a  few  hours,  while  1  in  SO  failed  to  kill  during  34 
days  and  I  in  100  had  no  effect  during  a  trial  of  21  days. 

Tarry  lUjuor.-X.  black,  tarry,  strongly  aromatic  liquor,  lighter 
than  water;  specilic  gravVly  V^.S^F:)  vvt  'IV^  C    \\,\v^  the  highest  toxicity 
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of  all  the  wastes  of  whatever  nature  with  which  experiments  were 
ixiade.  It  does  not  visibly  mix  with  water,  but  spreads  out  in  a  film 
on  the  surface.  The  dilutions  were  made  by  volume,  as  in  other 
cases,  though  evidently  only  a  small  portion  of  the  liquor  attains 
solution  in  the  water. 

£ight  solutions  stronger  than  1  in  100,000  were  first  tried,  but  all 
were  fatal  in  a  few  minutes  or  hours.  Un^rated,  20  liters  of  1  in 
100,000  killed  perch  in  102  to  117  hours;  1  in  200,000,  in  100  to  115 
hours;  1  in  300,000,  in  52  to  67  hours,  and  1  in  400,000  killed  a  perch 
in  12  days,  but  failed  to  kill  bass  during  41  days.  A  solution  of  1  in 
500,000  was  made  up  by  weighing  off  40  milligrams  of  the  liquor  in  a 
watch  glass  and  placing  it  with  the  glass  in  20  liters  of  water.  Two 
perch  lived  in  this  for  24  days,  when  one  spawned  and  both  died  the 
next  day.  The  weather  had  become  warm  and  the  temperature  of 
the  dilution  reached  19°  C.  A  dilution  of  1  in  500,000  may  be  con- 
sidered practically  harmless  to  perch  and  bass. 

Aeration  reduces  markedly  the  poisonous  effect.  Aerated,  1  in 
60,000  killed  one  perch  in  24  hours,  another  after  3  days;  1  in  80,000 
failed  to  kill  during  11  days,  and  1  in  100,000  during  9  days. 

The  sealing  of  the  water  from  contact  with  the  air,  by  means  of 
the  surface  film,  may  possibly  contribute  slightly  to  the  harmful 
effects  in  the  higher  dilutions  not  artificially  aerated.  That  the  sub- 
stance is  tremendously  poisonous,  however,  is  evident  from  the  fact 
that  even  dilutions  as  weak  as  1  in  40,000  kill  in  a  very  few  hours, 
long  before  the  exhaustion  of  oxygen  could  play  a  part.  Moreover, 
the  symptoms  at  death  are  manifestly  not  those  of  suffocation.  Nearly 
all  the  fiishes  dying  from  gas  wastes  in  the  higher  dilutions  display 
characteristic  movements.  There  is  a  rapid  iierv^ous  fluttering  of 
the  fins,  particularly  the  pectorals,  with  rapid  respiration,  and  the 
body  may  assume  the  perpendicular.  They  sometimes  appear  to  be 
dying  for  days  before  they  finally  suc^cumb. 

WASTES  FROM   THE  COAL-GAS  PROCESS. 

Tar  from  wells. — This  is  ordinarv'  coal  tar,  a  thick  black  liquid 
with  the  typical  odor.  Wlien  dropped  into  water,  the  main  portion 
of  the  drop  sinks,  while  a  lesser  part  separates  and  spreads  gradually 
into  a  surface  film. 

The  dilutions  were  not  made  volumetrically.  The  amount  desired 
was  weighed  in  drops  on  a  strip  of  bristol  board  and  tlien  smeared  in  a 
thin  layer  and  the  strip  placed  in  the  measured  quantity  of  water, 
which  was  stirred  thoroughly.  Only  unaerated  dihitions  were  used. 
One  of  1  to  4,000  (5  grams  of  tar  in  20  liters  of  water)  was  fatal  to 
perch  within  less  than  19  hours,  1  to  ()G,G(56  was  fatal  to  both  liass 
and  perch  in  4  days,  and  1  to  200,000  failed  to  kill  perch  during  a 
trial  of  34  days. 
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Amnumia/xd  liquor.^ — A  nearly  clear  pink  liquid  of  marked  amoi^ 
niacal  odor,  specific  gravity  1.029  at  14®  C. 

Unaerated,  1  in  100  killed  perch  in  5  minutes;  1  in  1,000,  in  4^ 
minutes;  1  in  2,000,  in  less  than  18  hours,  and  1  in  3,000  failed  to  kiM 
during  24  days. 

EJIment  from  ammonia  sludge  hedJ* — ^A  clear  watery  liquid  with  n-^ 
very  marked  odor,  specific  gravity  about  1.00  at  12**  C. 

Undiluted  and  unaerated,  the  effluent  killed  bass  in  18  minuted  < 
Unaerated,  1  in  10  killed  perch  in  20  hours,  and  1  in  100  was  not  fataJ 
during  34  days. 

WASTES  FROM  BOTH  VSTATBR  AND  COAL-GAS  PROCESSES. 

Liane  from  "puri/?^«."— This  is  a  coarse  gray  powder  consisting 
originally  of  quicklime  and  having  a  strong  odor  of  illuminating  gas. 
The  gas  is  passed  through  large  tMiks  of  the  substance  in  order  to 
remove  carbon  dioxide. 

Five  grams  in  10  litws  of  imaerated  tap  water  caused  disti^ess  to 
perch  in  a  few  hours  and  was  fatal  in  less  than  21  hours;  1  gram  in  10 
liters,  unaerated,  killed  a  bass  within  about  69  hours;  1  gram  in  20 
liters,  unaerated,  failed  to  kill  bass  during  41  days. 

CSalcium  oxide  al(me  is  fatal  to  trout  fry  at  about  18  parts  per 
million. 

Iron  o^dde  from  ^'pvrlfiersJ^ — Iron  rust  is  used  to  purify  the  gas 
of  sulphur  compounds.  Iron  filings  and  small  pieces  are  mixed 
with  wet  wood  shavings  or  thin  chips  and  allowed  to  rust.  The 
material  is  held  in  large  purifiers,  through  which  the  unrefined  gas 
is  passed.  The  sample  received  for  the  tests  was  of  a  dark-brown 
color,  with  a  strong  odor  of  gas. 

Twenty  grams  in  10  liters  of  water,  unaerated,  killed  a  perch  in 
less  than  20  hours;  5  grams  in  10  liters  killed  a  perch  in  29  hours;  4 
grams  in  20  liters  was  fatal  to  perch  in  56  hours,  and  2  grams  in  20 
liters  failed  to  kill  during  9  days. 

SUMMARY. 

In  reviewing  the  effects  of  the  various  wastes  of  industrial  processes 
in  the  Potomac  watershed,  it  appears  that  a  wide  gap  in  poisonous 
properties  exists  between  the  liquid  wastes  which  come  from  the 
manufacture  of  illuminating  gas  and  those  from  all  other  sources. 
The  most  toxic  of  the  latter  are  made  harmless  by  the  addition  of  a 
few  hundred  parts  of  water,  while  the  tarry  by-products  from  the 
gas  works  require  hundreds  of  thousands  parts  of  water  before  they 
are  diluted  to  the  point  of  safety. 


oFrora  the  Clapp  Ammonia  Company.  Washington,  D.  C.    It  comes  originally  from  the  ammonin 
wt'U  of  the  gas-manufacturing  company. 
*  From  works  of  the  Clapp  Ammoma  Com\>aiiv,"wtiic'h  rwovers  ammonia  from  the  wa«te  products  of 
the  coal  process  of  gas  manufacture. 
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tatiou  at H 
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District  of  Columbia,  Tltal  statistics 

in. 270 

See  also  Washington. 
Dobbin,    W.    Va.,    stream    pollution 

at. 21»-214 

water  at,  field  assay  of 287 

Doubs,  Md.,  stream  pollution  at 242 

Drainage,  influence  of  rocks  on —  8, 15-16 

map  showing. 8 

Drainage,  trellised,  arrangement  of_  8 

Drown,  T.  M.,  on  polluted  ice 192 

Dry  River,  water  of *     237 

Dyeing,  discnsslon  of 208-209 

methods  of. 209-211 

polutlon  from  wastes  of 209 

211,  221-222,  228.  230-233,  245 
wastes     from,     eCTcct       of,     on 

fishes. 345-346 

E. 

East  Creek,  D.  C,  diversion  of 272 

Eckhart  mines,  coal  from 6 

stream  pollution  from 219-220 

Edwards   Ferry,   Md.,   measurements 

on  Broad  Run  near 179 

measurements    on    Goose    Creek 

near 179 

Elk  Garden,  W.  Va..  stream  pollution 

at 215 

Elk    Lick    Run,    W.    Va.,    water    of, 

field  assay  of. 287 

Elk  Run,  Va.,  measurements  on,  near 

Elkton 123 

pollution    of 239 

station  on.  at  Elkton.  description 

of 110 

measuroments  at 110-112 

water  of,   field  assay  of 287 

ralneral  analysis  of 297 

sanitary  analysis  of 21>4 

Elkton.    Va.,    mpasuronn»nts    on    Elk 

Run    near 1~'.\ 

measurements  on  South  Fork  of 

Shenan«loah   near 12.*^ 

station  on  Elk  Run  at.  (les<Tli)- 

tlon   of 110 

measurements    at 110.  112 

stream  pollution  at 239 

water  near,  ralneral  analyses  of_  207 

water    power    at 10f> 

water   suiqily  of 277 

Kllerslle,  Md.,  stream  pollution  at___  210 
Epidemics,  typhoid,  oocurrenee  of_  2.'>0-2S2 
Ernst vllle.   Md.,   l.lcklnj;  Creek  near, 

measurements  on 01 

Erosion,  river,  process  of 10-1. 'I,  I.'j-IG 

results  of _,__    200-.'?00,  814-317 

See  also  Turbidity. 
Evitt  Hun.  W.  Va.,  measurements  on, 

near  Charles  Town 147 

I)ollutlon  of 241 

water  of.  sanitary  analysis  of__  204 
Kvitts  Creek.   Md..  basin  of.   popula- 
tion and  area  of_ 24 «> 

menHuremeniH  on.  near  CumWr- 

land ^' 


Page. 

Evitts  Creek,  Md.,  pollntion  of 223 

soils  near 306 

Ewlng,  M.  C,  measnrements  by 178 


B^airfax,  Lord,  poaocaolons  of,  on  Po- 
tomac  2.134 

Fairfax  Stone,  Va,,  location  of ^ 

Falrbope,  Pa,,  stream  pollution  at—     218 

water  at,  field  assays  of 289 

Falling   Spring    Run,    Pa.,    pollatlon 

of 228 

water  of.  field  assay  of 289 

Farm  land,  erosion  of 300,314-^n7 

Fertiliser,  use  of  wastes  for 196, 

197,206,230 

Field  assays,  results  of 283-290 

FIfteenmlle    Creek,     Md.,     measure- 
ments  on,    near    Little 

Orleans ^ 

Filtration,  effect  of ^ 

Fires,  forest,  occurrence  of 820-^21. 

322,  323, 324 

Fish,  experiments  on 340-348 

experiments  on,  methods  of__  838-340 
Injury    to,   by    Industrial   pollu- 
tion __   193,202,205.337-348 
Fisheries,  Bureau  of,  cooperation  of.  1.337 

Files,  data  on 255-257 

insecticides  for 257-25J 

typhoid  spread  by 255 

Flint    Run,    Va.,    measurements    on, 

near  Front  Royal ^23 

Floods     near     Washington,     descrip- 
tions  of 179-1^2 

Flowing  Hun,  W.  Va..  measurements 

on,   near   Mlllrille ^^\ 

Flowing  Run.  Va.,  pollution  of 24- 

Flowing  Spring  Run,   Va.,  water  of, 

sanitary  analysis  of_-      -i*^ 

Foley.  Pa.,  stream  pollution  at 21^ 

water  at,  Held  assay  of 2S0 

I'orestry.  Bureau  of.  cooperation  of-         \ 

Forestry  map  of  Potomac  basin •^^'* 

Forests,    character    and    distribution 

of 302,  304.  aOfl.  310. 

312,  31.3-3U.  :U7-3-'H 

clearings  in,  extension  of 327-3> 

distrllmtlon   of,    map   showin::--      3l*> 

effect    of.   on   melting  snow '^-•' 

on  stream  flow 317-3> 

fires    in 320-321.  322.  323. 324 

protective  character  of :V2*V-3-( 

types  of.  description  and  distri- 
bution  of 320-3-.^ 

water   supplies   from ."20-3- 1 

Fourmlle   Creek.    Pa.,    fires  on 3-1 

Franklin,   W.  Va,,  soils  near 30.» 

stream   pollution  at 224 

water  at.  sanitary  analysis  of_       202 

wjiter    supply    of -77 

Fre<lerick.      .Md.,     measurements     on 

I  Carroll    Creek    at 170 

^  vu*^<"ll'l*'»*''^"    "t 3r> 

\  '&viU\<?Yv\vi«\\.    vi\. 4 
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Page. 
^  Md^  strnttOD  on  Monoca^y 
Rlrer  nesr,  dcacrfptkm 

of 1«1-162 

on  on  lionocacy  River  near. 

measurements    at 162-172 

water  penrer  at 172 

r  sapply  of 264-277 

JnBctkm,  Md.,  stream  pol- 

Intion   at 245 

effect  irf,  on  flow 29 

tfnl^  Va.,  measurements  on 

Flint   Bnn   near 123 

nrements  on  Gooneya  Creek 

near _'     123 

on  on  South  Fork  Shenan- 
doah    at,     description 

of 115-116 

BMasarements    at 116-123 

im  pollotlon  at 241 

T  supply  of 277 

^  Md.,  coal  mines  at 6 

old   fever   at 217 

r  supply  of 217,277 

phold  fever  transmitted  by-       255 
}.    W.,    and   Russell,    H.    L., 

on  typhoid  germs 260 

O. 

De  M.,  and  Clark,  U.  W., 

on   typhoid   bacilli 264 

ascription  and  use  of 23,29 

tatlons,  list  of 42 

umlnatlng,     effect     of,     on 

fishes 346-348 

ufacture  of.  description  of  203-206 

pollution    from 205, 

206,  222,  228.  230,  231,  240,  245 
:e8      from,      effect      of,      on 

fishes 346-348 

lie  history  of  Potomac 7-22 

history  In  Potomac  basin.-  11-12 
['reek,  Md.,  basin  of,  popula- 
tion and  area  of 246,  252 

itlon    of 203,  216-217,  220,  285 

ement   on 5 

on 313 

on  on,  at  Westernport,  des- 
cription    of 55 

measurements    at__  5.1-57,  65 

gh   of 12 

jr  of,   field  assays  of 288 

mineral  analysis  of 296 

sanitary  analysis  of 292 

Creek  Coal  and  Iron  Co.,  do 

velopment   by 0 

wn  Reservoir,  description  of       334 

3ry  of 271 

mentation   In 329 

1  action  in 334 

Hee  Bacteria. 
Md..     station      on      North 
Branch    l*otoinac   near. 

measurements  at 65 

rg,  Pa.,  precipitation  at 30 

;   near 304 

im  pollution  at 243-244,286 


Page. 
Gettysburg,  Pa.,  water  at,  field  as- 
says   of 289-290 

water  snpply  of 277 

Glade  Run,  Md.,  water  of,  fteld  assay 

of 247 

Glasgow,  typhoid  in,  deaths  from 269 

Gooneys    Creek,    Va.,    measurements 

on,  near  Front  Royal-       123 
Goose  Creek,  Md.,  basin  of.  popula- 
tion and  area  of...  251,  254 
measurements  on,  near  Edwards 

Ferry,  Md 179 

pollution  of 245-246 

sons  on 302,303.304 

water  of,  sanitary  analysis  of..       294 
Gorman,   Md.,  water  at,  field  assay 

of 287 

Gormania,  W.  Va.,  n^asurements  on 

Dlfllcult  Creek  at. 65 

measurements  on  North  Branch 

of  Potomac  at 65 

measurements    on    Stony    River 

near 65 

stream  pollution  at 214,284 

water  at,  field  assays  of 287 

sanitary  analysis  of 292 

Graded  stream,  definition  of 10 

GrantsvUle,  Md.,  precipitation  at...         36 
Great    Cacapon,    W.    Va.,    measure- 
ments of  Great   Caca- 
pon  River  near 90 

station    on    Potomac    River    at, 

description  of 78 

measurements  at 78 

Great  Cacapon  River,  W.  Va.,  imsin 
of,  population  and  area 

of 247,  253 

description  of 226-227 

measurements    on,    near    Great 

Cacapon 90 

pollution   of 226-227 

water    of,    mechanical    analysis 

of 297 

quality    of 318 

sanitary  analysis  of 293 

Great    Falls,    Md.,    low-water    flow 

at 278 

pollution   at 290 

precipitation    at 36 

view  of 182 

Great  North  Mountain,  Va.,  fires  on.       322 
Great  Tonoloway  Creek,    Md..   basin 
of.  population  and  nrea 

of 247,253 

measurements     on,     near     Han- 
cock    01 

soils    on :U)9 

water  of,  field  assay  of 289 

Greencastle,  Pa.,  water  at  and  near, 

field  assays  of 280 

water  supply  of 277 

(ireensprlnn.   W.  Va..  water  at,  san- 
itary  analysis  of 292 

Greenspring    Furnace,    Md.,    precipi- 
tation  at 36 

<^}rove  Hill,  Va.,  water  power  at 10# 
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Ilagerstown,   Md..   mennnremeDts  on 

Antletam  Creek  at 91 

ineaaurementH     of     Marsh     Hun 

at 91 

precipitation    at 36 

stream  pollution  at 233-234 

typhoid  fever  at 233 

water  supply  of 233,277 

Ilaf^erstown  clay,  character  and  dis- 
tribution  of 301. 

305-307. 315 

erosion  of 307 

mechanical  analysis  of 306-307 

Hampshire  formation,  soils  from 311 

Hancock,  Md..   measurements  at,  on 

(Jreat  Tonoloway  Creek         91 
measurements    at,    on    Potomac 

River 90 

measurements  near,   on   Tonolo- 
way Creek 90 

on   Warm  Spring  Kun 91 

precipitation    at 37 

stream    pollution    at 227 

typhoid   fever  at 272 

water  at  and  near,  fleld  assay  of.       289 

Happy  Creek.  Va..  pollution  at 241 

water  of,  sanitary  analysis  of.       294 

Harney,  Md.,  precipitation  at 37 

Harper,   Robert,   settlement   by 4 

Harpers    Perry,    W.     Va..    measure- 
ments   of    Shenandoah 

River   at 147 

precipitation    ut 37 

settlement    nt 4 

station    on     Potomac    Uiv<M*    at. 

<lo8oriptlon   of 4:{ 

nieasureiiUMits    at 01 

stream    pollution    at L'.'U -'J-'ir* 

view   of.   -    . 2l*1I 

water  near,  mineral  analysis  of_        l!0«5 
HarrislMirtr   peneplain.    <hara(ter   of_  21 

Harrison,    W.    Va.,   measurements  on 

Ahram    Creek,    near «>."» 

stream   pollution   at  __    L'l.'i.  L'S4 

water   near.    Held  assay   of__  L*S7 

Ilarrisonliuru'.    \a..    stream    pollution 

at  .     L':{7-2;{S 

water   supply   of   _    _ L'.'iT.  L'T7 

Hawkshll]   ("reek,    Va..   drainage  area 

of ___       L»r>:; 

I)ollutlon    of         .    L':!0-LMO 

station  on.  near  l.uray.   Va..  <1e- 

scripti.m    of .    llL'-ll.J 

measurements    at 11:5    lir».  lu;', 

water  of.    mineral   aiuilysls  of   _        I'OT 

sanitary     analysis     of l'04 

IIea<l\vaters.   description   of  _  7 

Ileinlock.   distril.ution    of. :\i:) 

Iniuuis    of _. .•?L»4 

us«'  of,  in  wind -breaks  _  .  :\:\'2 

Henry,    \V.    \'a..    stream    pollution    at_    '2i:\. 

wntrv   at    and   near,    licld   assays 

of       --        MSI 

Hlde:<.      aV<(     IVIts. 


HIghtown,  Va.;  soils  near 3(h; 

History  of  Potomac  basin,  outline  oC    2-22 

Hite,  Joist,  settlement  by 3 

Hoblitzel.  Pa.,  water  at.  fleld  assiij 

of 2S0 

Hollow  Run.  Md..  pollution  of 240 

Horse  manure,  fly  breeding  in 25^ 

fly  breeding  In.  prevention  of-  2r)7-25S 

Howard.  John,  exploration  by 4 

Howard.  L.  O.,  flies  Investigated  by  256-258 
Howell  Run,  W.  Va.,  water  of,  fleld 

assay  of 287 

Hubbard,    W.    Va.,    stream    pollution 

at 215 

Humus,  character  of 320 

prevention  of  erosion  by 300. 30t5 

water  storage  by 318-319 

Hupp  Spring  Run.  Md..  pollution  of.  240 
Hutton.  W.  R..  measurements  by_-  1"^ 
Hyndman.  Pa.,  stream  pollution  at-      21!> 

water  at,  fleld  assays  of 2^^* 

water  supply  of 277 


I. 


Ice,  effect  of,  on  flow 29 

pollution  of,  danger  from 192.232 

Illinois  River,  sewage  In 267 

temperature  observations  on.  261-263 

I   Indians,  hostility  of 3 

I   Industrial     wastes,     effect     of,     od 

I  flsiies .337-34.S 

pollution  from,  t)y  streams 213-2.'»-l 

sources  and  character  of 193-212 

Iredell  clay  loam,  ciiaracter  of '^^•' 

Isoliyet,  detinition  of 34 


J. 


.Tackson   Run.  water  supply   from 217 

James    River,    loss    of,    to    Potomac. 

reason   of is-10 

.lenninjis  formation,  soils  from .'los.  311 

Jennings     Run,     Md..     dralnaue     to, 

tlirure    sliowinu 274 

pollution    of  _.    210.  J 7. 't- 27:.. -S'^' 

water  of.   tiehi   assay   of •     2>'^ 

mineral   analysis  of 2f»> 

sanitary  analysis  of -"'".' 

.lordan,   K.  ()..  on   lllUnds  River 2«57 

.Tordan.    K.    (>.,    and    Zelt.    V.    R..   ex 
peri  men  ts    by,     on     ty- 

r)bold  jrerm 2»»<^ 

Jordan    Sprln«:s,    Va..    stream    pollu- 
tion  at 231 


Kal>letown.     W.     Va.,     measurements 

on   Rullskln  Run  near.  H" 

Kei>zleton.   Va..   stream  pollution  at.  -'■"•> 

Keinple  Falls.  Va..  water  power  at.-  1"'^ 

Ivenuehec   Valley,    typiiofd    in. -'70 

Kerosene,  use  of.   in  killing  (lies 2.'! 

KovM'r,    W.     Va..    me.nsurements    on 

^^"«  Vxvi^ik.  near ^'' 
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.  Va.,  stream  pollution  at _  218.285 
r  at  and  near,  field  assa^^s 

of 288 

sanitary  analysis  of. 291? 

r  supply  of 218,277 

pring.  W.  Va.,  water  from_       231 

r  of,  field  assay  of 288 

IL,  on  porosity 315 

f-  Pelts. 

mills,  dye  wastes  from,  ef- 
fect of,  on  fishes 345 

oiintalns,  W.  Va.,  .soils  of_        305 
,  Md..  stream  pollution  at.       242 
'.    A.,    on    water    tempera- 
tures    261-264 

un,  Md..  pollution  of 217 

n,    Md..    water    near,    min- 
eral analyses  of 296 

L. 

formation,  deposition  of 21 

danger  from 258 

I.    stream   pollution    from__      217, 
228,  230.  245 
eek.  W.  Va.,  water  of,     field 

assay    of 287 

)rk,  W.  Va..  timlier  on.-  313,  324 
m,  water  of.  field  assay  of_       287 

tinning,  fat  from,  use  of 197 

from,  use  of 190 

in,  use  of 196-197 

wastes  from,  use  of 196 

rs     for 198-199 

rom 200 

►sses  and  wastes  of 19.S-201 

»ark,  spent,  disposition  of 200 

r  for,  character  of 194-195 

Va.,  soil  at,  analysis  of 302 

m  pollution  at 245-246 

r  supply  of 277 

tie,  W.  Va.,  soils  of 310.311 

•hn,  settlement  by 4 

jek,  Va.,  drainage  area  of__        253 

tion    of. 2.38 

)n  on,   near  Staunton,   Va., 

description     of 101 

neasuremcnts    at 102-103 

r  of.  sanitary  analysis  of 294 

n,  Va..  pollution  of 241 

s,  use  of.   for  wind-breaks-        332 

,  W.  Va..  p«»lIution  of 231 

reek,  Md.,  basin  of,  popula- 
tion and  area  of 248.  25:i 

iirements    oii.    near    Krnst- 

vllle,    Md 91 

tion    of 227 

on 309 

-  of.  h.'ld  assay  of 289 

,      M<I..      South      Tuscjirora 

Crcf'k    iionr._-    170 

oride   of.      Sri-    <'blorlde    of 

lim«^ 

of,  in  tannine' 19t)-l97 

Ige.  stream  pollution  from   200,  2S3 
i   soils.    charact'T    ami    dls- 

tH  hut  Ion     of .'{O4-,308 


I*age. 

Lincoln,  Va.,  precipitation  at 37 

Linden,  Va.,  measurements  on  Wap- 

pan  Run  near 147 

Lineburg.  W.  Va.,  measurements  on 

Sideling   Creek   near—         90 

Linen  dyeing,   methods  of 210 

Litter,  oflSce  of 319 

Little  Antietam  Creek,  Md.,  pollu- 
tion  of 2.32 

water  of,  field  assays  of 289,  290 

Little  Cacapon,  W.  Va.,  measure- 
ments on  Little  Caca- 
pon River  near 90 

Little  Cacapon  River,  W.  Va.,  basin 
of,  population  and  area 

of 247,  2,'53 

measurements    on,    near    Little 

Cacapon 90 

Little  Conococheague  Creek,  Md., 
mea.surements     on,     at 

Charles    Mills 9 

Little  Cumberland  Valley,  soils  in__       306 
Little   Falls  Branch,   Md.,   diversion 

of 272 

Little  Orleans,  Md.,  measurements 
on     Fifteenmile    Creek 

near 90 

Liverpool,  typhoid  in,  deaths  from__       269 
Ix)naconlng,  Md.,  stream  pollution  at       217 

typhoid  fever  at 217 

water  supply  of 277 

London,  typhoid  In,  deaths  from 269 

Long    Bridge,     Washington,     D.     C, 

tidal  statistics  at 43 

Long  nollow.  Md.,  soils  in _•___       310 

Lost  City,  W.  Va..  stream  pollution 

at 226 

Lost  River,  W.  Va.,  drainage  area  of        253 

settlement    of 4 

See  also  Moorfleld  River. 
Lostland    Run,    W.    Va.,    water    of, 

field  assay  of 287 

Luke,  Md.,  stream  pollution  at  203.  216.  283 

water  at,  field  assays  of 287-288 

mineral  analyses  of 296 

sanitary  analysis  of 292 

Luray,  Vs.,  station  on  Hawksblll 
Creek  near,  description 

of 112-113 

station  on  Hawksblll  Creek  near, 

measurements    at 113- 

115.  123 

stream  pollution  at 232-240 

water  at.  sanitary  analyses  of 294 

water  supply  of 277 

Lyon's   mill,   I).   C..   station   on    Hock 

Creek  at.  description  of        173 
station  on  Rock  Creek  at.  meas- 
urements at   IIA-IIT),  177-178 

M. 

McConnell.sburg,  Pa.,  soils  of    _    .    _  .  .^06 

stream  pollutbm  at 227 

water  at.  field  assay  of__ 289 

water  supply  of 277 

McGaheysviile,  Va.,  stream  pollution  i 

at 'iaJ^^ 
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243 


McKnightstown,    Pa.,    stream    pollu- 
tion   at 

Mallett,   J.    W..   on    Staunton   water 

Bupply 238 

Man,  geologic  action  of 22 

Manganese  mining,  pollution  from —  236 
Map,  drainage,  of  Potomac  system.  Pocket. 
Map.  forestry,  of  Potomac  system —  316 
Map,  rainfall,  of  Potomac  system.  Pocket. 
Map,  topographic,  of  Potomac  sys- 
tem   Pocket. 

Maple,  distribution  of 313 

humus    of 324 

Marlon,  Pa.,  precipitation  at 37 

Marsh,  M.  C,  on  effect  of  industrial 

wastes  on   fishes 337-348 

Marsh  Creek,  Pa.,  pollution  of- 286 

water   from 243 

field  assay  of 289 

Marsh  Run,  Md.,  measurements  on, 

at  Hagerstown 91 

pollution   of 233 

Martin  Mountains,  Pa.,  soils  of 305 

Martlnsburg,    W.    Va.,    precipitation 

at 87 

station   at,    on   Opequon   Creek, 

description  of 78-79 

measurements  at 79-81 

on    Tuscarora     Creek,     de- 
scription of 81 

measurements    at 82 

stream  pollution  at 231 

typhoid  fever  at 231 

water  at,  field  a»say  of 288 

water  supply  of 277 

Maryland,  vital  statlntlos  In.  lack  of.       270 

Mash,  whisky,   pollution  from 212 

MassachusettH.  treatmont  of  tannery 

wastes  In 1*.>S^ 

Massachvisotts  Rlate  board  of  health, 
on  imrl  float  Ion  of  wool- 
scouring   waste 207-208 

:^Iassanutten  Mountain.  Va.,  fires  on_        321 
:^Ie<hanloal    wo(k1    pulp.     Sec    Wood 

pulp. 
Mercersburs,    Pa.,    stream    pollution 

at 

water  near,  field  assay  of 

water  supply  of 277 

Menimao    Klver.     Mass..    oociirrenre 

of  typbokl  on 

Mirropterus    salmoldes.    experiments 

on :5.'i7-:i4S 

Middle    River.    Va.,    basin    of.    popu- 
lation and  area  of__   240, 
^        meas\irement8    on.    near    Mount 

Meridian.    Va 

pollution    of 

water  of.  sanitary  analysis  of__ 
Middleton.  Va.,  stream  pollution  at_ 
Mldluud.  Md..  sanitary  conditions  at. 
Milk,   typhoid   fever  spread   by 

2.->8-2r)9, 

Mill  Creek.  D.  C,  diversion  of 

Mill   Creek,  \V.  Va..  draVnat;.^  v\re\\ot- 
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147 


MilldaU,      Va.,      measurements      oa 
Stonebrldge  Ran  at — 
Millstone,  Md.,  water  near,  field  as- 

say  of 

Mlllrllle,   W.  Va.,  measurements  on 

Flowing  Run  at 

station  on  Shenandoah  River  at, 

description  of 135-13* 

measurements  at 31,  13^14* 

water  power  at 1*^ 

Millwood,     Va.,     measorements     on 

Parker  Creek  at 1« 

Mine   waters,    coagulation    and   pre- 
cipitation by 266.  2Te 

effect  of,  on  Potomac  River. .  283-286 

Mineral  analyses,  results  of 290-291. 

296-2W 
See  also  particuUir  places. 
Mines.     See  Coal  mines. 
Monocacy  Rlvec,  Md.,  basin  of.  pop- 
ulation and  area  of 25(V- 

251,214 
measurements  on,   near   Dicker- 
son,   Md 17» 

pollution    of -• 243-24* 

settlement  on 4 

soils  on. 302-.105 

station  on,  near   Frederick,  de- 
scription of 161-162 

measurements  at 162-172 


172 
297 
294 

3(W 
2-4 
311 


measurement  ft  on,  near  UoTOT\ey- 
water  of,  sanitary   ana\y»o»  ot. 


water  power  at 

water  of,  mineral  analysis  of.. 

sanitary  analyses  of ^— 

Mont  Alto,  Pa.,  stream  pollution  at_ 

Monterey,  Va.,  soils  near 

stream  pollution  at 

Monterey  sandstone,  soils  from 

Moore.  Thomas,   work  of 1*^^ 

Moorefield,  W.  Va.,  measurements  on 
South  Fork  of  South 
Branch  of  Potomac  at_        '' 

stream  pollution  at 2(K». --^5 

water  at.  sanitary  analysis  of 295 

water  supply  of 2h 

Moorefield  River,  W.  Va..  descrip- 
tion   of -.-  223.224 

drainage  area   of 1 -^ 

pollution     of 224 

sanitary   analysis   of 

Mordants,   list  of 

Morgan.  Richard,  settlement   by 

Moss  Bank  Ran,  Md..  pollution  of.. 
Mount     Crawford,    Va.,     station    on 
Cooks     Creek     at,     de- 
scription   of ^**-''^ 

station     on     Cooks     Creek     at. 

measurements    at 99-101 

typhoid  fever  at 

Mount    Meridian.    Va.,    Middle    River 

near,  measurements  on.  ^  1'^ 
Mount  St.  Mary  College,  Md..  pretip 

itatlon   at " 

Mount  Savage,  Md.,  stream  pollu- 
tion   at ^    -*J^ 

typhoid   fever   at 27:l-'.< 

^\owTvX.  ^^N«.^"fe  "^Awi,   Md..    pollution 


225 
•J9" 

4 


Q\. 


19 
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auddlnem.     See  Turbidity. 

^ongoD,    W.    Ya.,    measarements   on 

Sleepy  Creek  near 91 

Marray,     Doctor,     on     typhoid     at 

Mount  Savage,    Md_-_       275 
Mosca  domestlca.     See  Files. 


N. 


aked  Creek,  Va..  measurements  on, 

near  Verbena 123 

?^r  Creek,  Md.,  drainage  area  of 252 

measorements  on,  near  Keyser.         65 

pollution   of . 218 

water  of,   field  assays  of 288 

sanitary  analyses  of 202 

^-w  Haven,   Conn.,   typhoid  at 279 

?w  Market,  Md.,  precipitation  at_         37 

stream    pollution    at 240 

e-w  York,  typhoid  fever  at 268 

ewport,   Va.,  water  power  at 10* 

orth  Branch  of  Potomac.  See  Po- 
tomac River,  North 
Branch. 
orth  Fork  of  Shenandoah.  See 
Shenandoah,  North 
Fork, 
•'orth  Mountain,  W.  Va.,  measure- 
ments  on    Back   (^reek 

near 91 

^orth    River     (of    Great    Cacapon), 

W.  Va.,  description  of-       226 

pollution   of- 226 

forth  River    (of  Shenandoah),   Va., 
basin     of,     population 

and    area   of 249,253 

basin  of,  stream  flow  in 98-108 

measurements    on.    near    Mount 

Meridian 108 

pollution    of. 236-238 

station  on,  at  Port  Republic,  de- 
scription   of 103-104 

measurements    at 104-107 

water  of,  sanitary  analyses  of 294 

water  powers  on 109 

otropis  hudsonlus.  experiments  on.       337 
^Tdegger   Run,   Md.,   water  of.   field 

assay  of 287 


O. 


aks,   distribution   of-__  302,304,306,310, 
311.312,31.3,321-322 

humus   from 322,  .323 

^^nn,  Md.,  sanitary  conditions  at__        217 
'd  Field.  W.  Va.,  precipitation  at-  38 

stream  iiollution  at 225 

'E^non  Creek,  W.  Va.,  basin  of,  pop- 
ulation and  area  of.  248,  253 
measurements  on,   near   Beding 

ton 91 

pollution    of 2.30-232 

settlement   on 3 

station  on,  near  Martlnsburg,  de- 
scription of 78-79 


Page. 
Obequon  Creek,  W.  Va.,  station  on, 
near  Martlnsburg,  meas- 
urements at 79-81 

water  of,  mineral  analysis  of..       297 

sanitary  analyses  of. 293 

Ordure,  typhoid  fever  spread  by 255 

Organisms,   microscopic,   relation   of 

bacteria   and 264 

Organic  movements,  course  of 17-20 

Ontwater,  Raymond,  on  loss  by  ero- 
sion         316 

Oysters,  typhoid  spread  l)y 258-259 


P. 


Packard,  A.  8.,  on  fly  breeding 256 

Paper-mill  wastes.    See  Wood  pulp. 

Paris,  typhoid  In,  deaths  from 269 

Parker,   II.   N..   on   Chesapeake  and 

Ohio   Canal 183-190 

on  Potomac  basin 2-6 

on    stream     pollution,     typhoid 
fever,  and  character  of 

surface  water 191-208 

Parker  Creek,  Va.,  measurements  on, 

near  Millwood 147 

Passage  Creek,  Va.,  basin  of,  popula- 
tion  of 249 

measurements  on,  near  RIverton       135 
station  on,  at  Buckton,  descrip 

tkm  of 124 

measurements  at 124-125 

water  of,  mineral  analysis  of 296 

sanitary   analysis  of 294 

Patterson,  W.  Va.,  measurements  on 

Patterson  Creek   near.         65 
Patterson   Creek,   W.   Va.,   bosln   of, 
population     and     area 

of - 246,252 

measurements  on,  at  Patterson.         65 

pollution    of 223 

settlement   on 5 

soils    on 309 

water  of,  mechanical  analysis  of       297 
I'atterson  Oeek  Mountains,  W.  Va., 

soils  of 305 

Pawpaw,   W.   Va.,    measurements   of 

Purslane   Run  near 90 

stream  pollution  at 226 

water  at,  mineral  analysis  of 296 

sanitary  analyses  of 293 

I*elts,   classification   and   description 

of 193-194 

Peneplain,   definition   of 14 

Penn  soils,  character  and  distribu- 
tion of 301,304,315 

Pennsylvania,  anthrax  In 195 

vital  statistics  In,  inadequacy  of       270 
Pennsylvania  Forest  Reserve,  estab- 
lishment of 326 

waters    of 227 

Perca  flavescens.  experiments  on-  337-348 

Perch,  yellow,  experiments  on 337-348 

Petersburg,  W.  Va.,  measurements 
on  North  Fork  of 
South  Branch  of  Poto- 
mac   near 77 
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irsburg,    W.    Va.,    measurements 
on     South     Branch     of 

Potomac  near 77 

stream  pollution  at 225 

water  at,  sanitary  analyses  of..       203 
jiladelphla,  Pa.,  typhoid  in.  deaths 

from 268 

ledmont,  W.  V'a.,  station  on  North 
Branch      Potomac     at, 

description    of 46-47 

station  on  North  Branch  Poto- 
mac  at,    measurements 

at 31,  47-r>4 

stream   i)oIlutlon   at 216 

water  at,   field   assays  of 287-288 

water  near,  mineral  analyses  of       296 

w^ater  supply  of 277 

Pine,  distribution  of 302-303. 

304,  310,  311,  312,  320-321 

effect  of,  on  melting  snow 325 

humus  from 320-321 

I»olnt    of    Rocks.    Md.,    precipitation 

at 38 

Pocono  formation,  soils  from 312 

station  on  Potomac  River  at, 
curves  at,  plate  show- 
ing    25 

description  of 148-149 

measurements  at.  31,  150-161,  291 

water  power  at 160-161 

Pollution     In     Potomac     River     sys- 
tem   basin 191-298 

Srv      altio      names      of      places, 
Ht reams,  manufactures, 
etc. 
Poplars,    wastes    from.  cfTect    of.    on 

fishes 341 

Pojiulation    of    basins    tributary     to 

Potomac 24<5-L*r)2 

Porosity,    (lata   on .'iH-iil.") 

Port       Kepvibllc.      Va..      station      on 
North     River     at,     de- 

sorlptUm    of l(»:i-104 

station      on      North      Klver      at. 

measnrpinents    at-.      104-107 
station    on    Sontli    River   at.    de- 
scription   of     .         .  .  04    1 

ineasurrjuoiits    at JK'i-Hs    [ 

water    |)o\ver    :it^_      100    ; 

Potomac  Klvcr   (inalii  stream),  basin 

of.    <b'scrii)tion    of 7-0 

basin   of.   pollution    in L*lI0-2:ir».    | 

LM-J-L»4(;  i 
po|>nl:itlon  ami  area  of-_  L*4 7 -'_*.'»»'►  ! 
slreatn    How    in.^,    7S-01.  14S-170 

water   supplies    in    ■_'77 

Hoods   on 170-lSl.' 

How    of.    connection    of    typlioi<l 

fev«'r   and L'7S--J70 

chart    show  in.: ■J7S 

(ircni    F.'ills  ..r.    view   of _         ISi' 

me.isiirejnenis      of,       :it       Chain 

I'.ridue,    I).    ('    17:: 

"     ^reat    Falls.    Md  17:; 
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Page. 
Potomac   River    (main   stream),   ob- 
stacles   to    navigation 

on 1.S4 

pollution   of 226.  227. 

232.  234.  242-243,  245-24« 

view  of 222 

profile   of 0 

plate  showing ls2 

sedimentation  In 266-2<',7 

station    on,    at    Great    Ca capon. 
W.    Va.,    description 

of 7S 

measurements  at 

at  Harpers  Ferry.   W.   Va., 

description   of 

measurements  at i 

at   I^ng  Bridge.   D.  C,  de- 
scription  of 

at  Point  of  Roclcs.  Md.. 
curves  at,  plate  show- 
ing          2= 

description  of 148-14^ 

measurements  at.  31.  150-lG 

water  power  at 160-lCi:^3j 

valley  of,  description  of q 

view  on 1*^535^.^ 

w^ater     of,      sanitary      analyses 

of 293-:^-"^^ 

temperature  of,  relation  of 

typhoid  fever  and_-_  263-i^^^ 

turbidity    of 299-C^<j^) 

use  of,  for  drinlclng '^^77 

in   fish  experiments.  339— ^./o    / 

typhoid  fever  from 270    j 

Potomac     River      (North     Branch),  / 

basin     of.     description  J 

of 4.-?.  !>;.?     / 

basin    of.    population    and    area 

(.f 24«>-L»47.  :'.-.:' 

stream   flow    in 4:i-H'> 

meas\iremonts    of.    near    Hloom- 

in;;ton.     Md «!' 

near  (ierstoll,    Md ^' 

near  (lormania,   \V.   Va •"• 

near  Sebell.  W.  Va •'»•'• 

near  Twenty-first.   Md *'•'' 

pollution   (.f 2o:t.  2i.v:'r. 

profile  of.  plate  showing l''- 

settlement    on '^-^ 

soils    on .    -      •"'"''' 

station  on,  at  <'umlM»rland.  M«l.. 

description    of      .    4J. '•"'•J 

measurements    at. 01-*' 

at    Piedmont.   W.   Va..  descrip- 
tion   of 4''.- 

measurements    at.      .'{1.47- 

titnher    on _    

water  of.  Held  assays  of -'*s7- 

mlneral  analyses  of.    

(luality  of i's:{-2SS.  l.M)2. 

sanitary   analyses   of 

tnrl>ldity    of 

rutomac  River  i  South  Rrancb*. 
basin  «ij'.  description 
of   <;r>.  L': 
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Page. 
oxnac  River   (South  Branch),  ba- 
sin of.  |)ollution   in.   223-226 
basin  of,  population  and  area  of       247. 

252-2r>3 

stream  flow  in 06-07 

measurements   on,    near    Peters- 
burg, W.  Va 77 

near  Romney,  W.  Va 77 

North  Forlc  of.  drainage  area  of       252 
measurements       on.       near 

Petersburg.  W.  Va 77 

water    of.    sanitary    analy- 
sis   of 292 

profile  of 66 

settlement    on 4-5 

soils    on 309 

South    Forlc    of,    measurements 
on,      near     Moorefleld, 

W.    Va 77 

station  on,  near  Springfield.  W. 

Va.,  description  of 66-68 

measurements    of 31,68-77 

water  of,  mineral  analysis  of___       297 

sanitary   analyses  of 292-293 

>tomac  River  system,  age  of 11 

basin  of,  description  of 7-9 

development    of 9-22 

drainage  map  of 8 

forestry  map  of 316 

pollution    in 191-298 

population  and  area  of__  246-252,  291 

rainfall   map  of Pocket. 

stream   flow   In 23-190 

topographic  map  of Pocket. 

water  of.  quality  of 283-298 

water  supplies  In 277 

reclpitation.     Scv     Rainfall  :    Sedi- 
mentation. 
Hce,   L.   M.,   on    typhoid   at    Mount 

Savage.    Md 273-270 

rivies,  proper  const  ruction  of 258 

roflle,  ideal,  description  of 9 

rofile    of    Potomac    River,    descrip- 
tion  of 9 

plates   showing 182 

of     Shenandoah      River,      plate 

showing 134 

^ilp.    wood.     Sec    Wood    pulp. 
^IrBlane     Run.     W.     Va..     measure- 
ments   on.    near    I'aw- 
paw 90 

Q. 
Jnality  of  surface  waters 283-298 

R. 

^ilroads,  sanitation  of 234 

^Infall,  In  I'otomac  basin,  compari- 
son of  run  off  and 40-41 

data   on :i:?-4() 

map    showing I'ockct 

constructlDH    of .'{.3-34 

^tlng  tables,   const ru('ti<»n  and   use 

of 24 

^ttlesnake  Run,  I'a.,  water  of__     2.52-233 


Page. 
Receiving    reservoir,    Md.,    precipita- 
tion at 38 

Red  Oak  Mountain,  W.  Va,  soils  on.       313 
Red    Oak    Run,    W.    Va..    water    of. 

field  assay  of 287 

Red-shale  soils.     Sec  T'pshur  soils. 
Reservoirs.  se<limentatlon  and   wind 

action   in 329-335 

Rivers.     Sec  Streams. 

Riverton,  Va.,  measurements  at 123 

measurements    at,    on    Crooked 

Run 135 

on  Happy  I'reek 135 

on  Passage  (^reek 135 

precipitation    at 38 

station    at,    on    North    Fork    of 
Shenandoah,  descrip- 
tion of 125-127 

measurements    at 127-135 

on    Shenandoah    River,    de- 
scription   of 42-43 

stream  pollution  at 241 

water  at,  sanitary  analysis  of__       294 

water   power  at 109 

water  supply  of 277 

Rock    Creek     (of    I*otoraac),    I».    C, 

drainage  area  of ,254 

station   on,    at    Lyons   Mill,    de- 
scription of 173 

measurements    at 173-175, 

177-178 
at  Zoological   I'ark.  descrip- 
tion  of 173 

measurements    at 174-177 

water  of.  field  assay  of 289 

Rock    Creek     (of    Monocacy     Itlvcr), 

Md..    pollution   of___   243-244 
Rocks,  character  of,  Influence  of,  on 

drainage 8,  15-10 

Romney,    \V.    Va.,    measurements    on 

Mill  Creek  near 77 

precipitation    at 38 

settlement    of 4 

South     Branch     I'otomac     near, 

measuromouts   on 77 

stream  pollution  at 220 

water  of.  sanitary  analyses  of__        293 

water  supply  of 277 

liomney  shale,  soils  from 308 

Run-off.  comparison  of  rainfall  and.   40-41 

definition  of 26 

Si'c     also     particular     drainapr 
has  ins. 
Russell,    II.    r...    and    Fuller.    G.    W.. 

on   typhoid  germ 260 


St.  Louis,  typhoid  In.  (ienllis  from..  208 

Salmon,   oxporimcnts   on_    ._    ._    _  337 
Sand  Run.  Md.,  water  of.  field  assay 

of 287 

Sandstone    soils,    cliaracter    and    dis- 
tribution of 311-312 

Sandy  Ridge.  W.  Va.,  tires  on 321 
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Sanitary  analyses,  results  of 290-295 

See  al8o  particular  placet. 

Savage  Mountain.  Md.,  fires  on 823 

soils  on 313 

Savage   River.   Md..   basin   of,   popu- 
lation and  area  of..  246,  252 
station  on,  at  Bloomlngton,  de- 
scription of 43-44 

measurement  of 44-46 

water  of,  quality  of 215-216 

field  assay  of 287 

mineral  analysis  of 296 

sanitary  analysis  of 292 

Sawdust,  stream  pollution  from 215 

Schell,  W.  Va.,  measurements  on 
North  Branch  Poto- 
mac near 65 

measurements    on    Stony    River 

near 65 

stream  pollution  at 284 

water  at,  field  assay  of 287 

Schooley    peneplain,    character    and 

history  of 14-19 

Schuler,  Va.,  water  power  at 109 

Scope  of  paper 1 

Scotland.  Pa.,  stream  pollution  at 227 

Scrub  Kldge,  Pa.,  fires  on 321.  323 

Second   Culvert  Run,   Md.,  pollution 

of 243 

Second-foot,  definition  of 26 

Sedgwick,  W.  T.,  and  Wlnslow, 
C.-K.    A.,    on    typhoid 

fever 264,267 

Sedimentation,  effert  of,  on  germs_   267,  28.'5 

proooss  of 264-267 

use  of    In  industrial  wastes 100, 

2()a,  200 
Senoca.    Md..    nioasnremonts   on    Son- 
oca   Crook  noar__ 179 

Sonoca  Crook,  Md..  basin  of,  popula- 
tion and  aroa  of 251,  254 

moasuroinonts   on.    near   Seneca, 

Md 170 

pollution   of 240 

soils  on 'M)2,  303 

tlmlMT   on 313.    324 

turbidity    of 307,313 

wator  of.  sanitary  analysis  of__        294 
Sowairo.  oflfoct  of.  on   typbold  germ,        200 

ofToct  of,   ou   lisbos 340 

SlialTors  Hun,  I*a..  water  of.  Hold  as- 
say   of 280 

Sbalo  soils,  i'baraoror  and  distribu- 
tion   «»f 308-311 

Slionandoab,   Va.,   procipitatlon  at.__  38 

station  on  Antiotain  Crook  noar, 

doscription    of 82-83 

moasuronionts  at 83-JM) 

stroani   pollution   at 234 

Sbaw,     W.     Va.,     stroam     pollution 

at  .   21.5,284 

\vat«'r  at  and   noar.  Hold   assays 

of 287 

SholliiHh,  typhoid  fever  spread  by.—      1\i^S 


Page. 
Shenandoah,  Va.,  precipitation  at-.      3^ 

stream  pollutfon  at 230 

water  power  at 109 

Shenandoah  Junction,  W.  Va.,  stream 

pollution   at 234 

Shenandoah  Mountain,  Ares  on...  321,322 
Shenandoah   Rirer.   basin    of,   pollu- 
tion  in 235-242 

bartn    of,    population    and   area 

of 249-256,  25a-254 

stream  flow  in '.  91-147 

length  of.  reason  for 18-19 

measurements    on,    at    Harpers 

Ferry,  W.    Va 14T 

pollution    on 241-242 

profile  of 135 

plate  showing 134 

sUtion  on,  at  Millville.  W.  Vs.. 

descHption    of 135-136 

measurements  at.  31,196-146 

water  power  at 14' 

at    Riverton,    Va.,    descrip- 
tion of 41-« 

raliey  of.  description  of • 

water  of,  mineral  anayisis  of 29T 

sanitary  analysis  of 2W 

Shenandoah     River     (North    Fork), 

basin  of.  pollution  in^     240 
basin   of,    population   and   area 

of 249-250 

stream  flow  in 124-135 

pollution   in 240 

settlement  on 3-4 

soils    on 307 

station  on,  near   Riverton.  Vs.. 

description    of 12r>-127 

measurements    at 127-1:14. 1V» 

trough    of 1- 

water  of,  mechanical  analysis  of      2f* 

sanitary  analyses  of 2i>4 

Shenandoah  River  (South  Fork*, 
basin     of,     description 

of 10^ 

basin  of,  pollution  In.  91-12.3,  2:U-2rv^ 
population  and  area  of 24'.'. 

2r>3-j.-.4 

stream  flow   in 110-1.*:> 

water  powers  In l"*' 

measurements  on 1-3 

pollution    of 23>^-24" 

profile  of,  plate  showing 1>^ 

settlement  on " 

soils    on r»i»7 

station    on,    near    Front    Royal. 

Va..  description  of__  11.'>-11»^ 

measurements    at ll(>-l-':5 

water  of.  sanitary  analysis  of-_      -*f«4 
Shenandoah  plain,  description  of_._  20-21 

Shondun,  Va.,  water  power  at 1^^ 

Sliephcrdstown,  Pa.,  stream  pollu- 
tion at 2.12 

Shrlver,  Joseph,  map  of ^ 

Sideling'  Creek.  W.  Va.,  basin  of. 
population  and  area 
of l»47.2^') 
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ig  Creek,  W.  Vt..  erosion  on_-       322 

•es    on 321 

lils    on 809,310 

ation  on.  near  Lineburg,  meas- 
urements at 00 

Run,  W.  Va.,  water  of,  fleld 

assay   of 287 

yelng,  methods  of 211 

>hns    Run,    W.    \a.,    measure- 
ments    on,     near     Sir 

Johns   Run 90 

)hn8    Run,    W.    Va.,    measure- 
ments   on     Sir     Johns 

Run  near ' 90 

terhouses,  pollution  from 217, 

222,  228.  220,  236,  241 
Creek,  W.  Va.,  basin  of,  popu- 
lation and  area  of..  247,253 
^asurements  on,  near  Munson.         91 

ils  on 809 

John,  exploration  on  Poto- 
mac   by 2   : 

melting  of.  turbidity  due  to..       325 
aaklng,  stream  pollution  by.-       228 

reventlon  of  erosion  by 300 

•ecovery  of 202-203  j 

k'ood  pulp.     Hee  Wood  pulp.  ' 

8,  typhoid  among 255,  271-272 

classification  and  descriptions 
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